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PREFACE 


This book was written to serve as a textbook for students of civil 
engineering in an introductory course in highway engineering. Em¬ 
phasis has been placed on fundamental principles and processes in 
th(‘ ])ractice of highway engineering. It has been assumed that the 
student will recei\e instruction in basic courses in surveying, drafting, 
mechanics of materials, chemistry, materials of construction, and 
structural design, and therefore detailed descriptions of laboratory 
procedures, test methods, nianufactuie of materials, the proportioning 
of concrete mixtures, surveying operations, and the design of bridges 
have been avoided. 

In the fii'st chapter the student is given a brief historical back¬ 
ground and concise descriptions of highway sys^'^ms and the highway 
structure itself. The following five chapters deal with subjects which 
should precede the study of highway surfaces. Details of the design, 
construction, and maintenance of various highway types then arc de¬ 
scribed. These subjects serve as a logical background for a discussion 
of sur\eys, plans, specifications, economics, jdanning, financing, and 
administration 

The changes in the Fourth Edition comprise a revision of much 
of the subj(‘ct inattt'r of tlie pnwious edition, the introduction of a 
considerable amount of urw material, and a slight rearrangement of 
the ciiapters. The material on roadside improvement, properties of 
bituminous materials, and the stabilization of siibgrades with soil- 
(enuait mixtures has b(‘en exiianded. The chapter on sheet asphalt 
and asphaltic concrete pavements has been revised to present the sub¬ 
jects of proportioning and control of asphalt paving mixtures in a 
more effective manner. The subject matter dealing with the structural 
design of jiavements has been gr(‘atly expanded to include the excel¬ 
lent contributions to our knowledge by Goldbcck, Hubbard, and 
Fi(‘ld, Westergaard, Bradbury, E. F. Kelley, and many others. The 
material on the theory of the structural design of rigid pavements of 
concrete has been placed in a separate chapter immediately before 
the chapter on concrete pavements. 

The author has received helpful suggestions from many teachers 
of highway engineering, from practicing engineers, and from former 
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students who have critically reviewed the preceding edition. He par¬ 
ticularly acknowledges his indebtedness to Professor R. L. Morrison 
of the University of Michigan for criticism and suggestions relative 
to the arrangement of the chapters in the Fourth Edition. 

John H. Bateman 

Baton Rouge, Louisiana, 

May 1, 19J^ 
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CHAPTER I 


DEVELOPMENT OF HIGHWAYS 

The field of highway engineering embraces the following divi¬ 
sions: 


1. Design. 

2. Construction. 

3. Maintenance. 

4. Economics. 

5. Administration, financing, and planning. 

Before proceeding to a study of these various phases of highway en- 
ginetTing, the student should have at least a brief knowledge of the 
development of higliway transportation, of the (ie\elopment of high¬ 
way systems, and of the (‘lements of the highway structure itself. 


EARLY HIGHWAYS 

We know very little about the first roads, but we do know that 
they date l)ack i)n()r to the so-called historical period. Traces of old 
roads found in Central America and northern South America are 
believed to represent roads ^^hich were constructed by Incan peoples. 
One of the olde.st roads of which there are traces today is on the 
island of Crete; this road, which ^\as surfaced with stone, probably 
was constructed befoie 1500 b.c. 

Early Roman Highways. During the period from ai^proximately 
400 B.c. to 200, the Romans constructed a vast system of roads, 
embracing a total length of more than 75,000 miles, which extended 
over their ^^iloh‘ i^hnpire. Twenty-nine highways radiated from Rome 
and connected with numerous other roads. Many of these roads were 
surfaced with st'vei’al layers of stone, in many locations so thick and 
of such larg(‘ size that traces of them may be found today. After the 
decline of the Empire, road building did not flourish again until the 
latter part of the eighteenth century, wh(*n it was renewTd in England 
and France, and to some extent in the United States. 

Early French Highways. The roads in France which had been 
built by the Romans fell into disuse, and road conditions were bad 
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DEVELOPMENT OF HIGHWAYS 


until nearly .the beginning of the nineteenth century. The early de¬ 
velopment of highways in France was due in a large measure to 
Tresaguet (1764), one of the most famous forerunners of modern 
highway engineers. Tresaguet developed numerous methods of con¬ 
struction which w^re meritorious. Napoleon recognized the value of 
highways, and the present national road system of France had its 
beginnings during his regime from 1804 to 1814. It was about this 
time that the French Department of Roads and Bridges was estab¬ 
lished. 

Early British Highways. Road conditions in England following 
the decline of the Roman Empire were as bad as on the Continent, 
and a long period of time elai)sed before much attention was given 
to them. A progressive step was made in 1555 when an Act of Parlia¬ 
ment placed the roads under the charge of surveyors. The first 
attempts to improve road conditions were made by Macadam (1783), 
who, like Tresaguet in France, contributed a great deal to the art of 
road building. Macadam developed a method of constructing broken 
stone roads, and his name still is associated with roads built of this 
material. 

HIGHWAY DEVELOPMENT IN THE UNITED STATES 

The first highways in the United States served local purposes, 
only, and the development of importaid cross-country routes began 
when exploration westward started. The Wilderness Road to Ken¬ 
tucky was laid out by Daniel Boone in 1775, and other overland 
routes followed, including many roads of great historic interest, such 
as the Natchez Trace from Natchez to Nashville, the Santa Fe Trail, 
the Oregon Trail, and the Overland Trail. 

The first participation of the national government occurred in 1802 
when Congress ])assed an act for the improvement of a road, which 
became known as the National Pike, from the Potomac River to the 
Ohio River. In 1805 the improvement of tliis road westerly from 
Cumberland, Maryland, was authorized and provision was made for 
surfacing. The first contract for construction \\as awarded in 1811, 
and by 1821 the road had beiui completed as far as Wheeling, West 
Virginia. The first a})pro|)riation for this highway west of the Ohio 
River was made in 1825; tlic final apf)ropriati()n by the national gov¬ 
ernment was made in 1838, and by tliis time the section in Ohio had 
been complctcfl. Rome work was done on this road in Indiana and 
Illinois, but very little surfacing was placed. By this time the con¬ 
struction of railroads had begun and provided the opportunity of de- 
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veloping the interior of the country. The importance of roads as 
through routes of travel diminished, and the national government 
ceased its participation in the improvement of highways. Local traf¬ 
fic was the most important fun(*tion of roads and streets until the 
development of the motor vehicle. 

Early Types of Surfaces. Early highways in the United States 
generally had natural earth surfaces. Numerous city streets were 
paved with cobblestones, and the use of wood blocks soon followed, 
round cedar blocks being used extensively. The high cost of surfacing 
led to the construction of large numbers of toll roads which were both 
privately and publicly operated and which were surfaced with gravel, 
logs, or planks. The influence of Macadam and Telford in England 
extended to this country and led to the use of broken stone to some 
extent. The invention of the power stone crusher in 1858 and of the 
steam roller in 1859 greatly increased the use of broken stone by low¬ 
ering the cost of its production. These surface'^ were satisfactory for 
horse-drawn traffic because the contact of the horses’ shoes and of 
steel tires on the stone provided a small amount of dust which, when 
moistened with water from rains, acted as a natural cement to fill the 
void spaces in the surfaces and hold the individual stone fragments 
together. By the close of the nineteenth century large mileages of 
broken-stone surfaces had been built on municipal streets and on 
rural highways. Gravel was used in large quantities in locations 
where it was economically available. The increase of traffic on city 
streets and on some adjacent rural highways necessitated more dur¬ 
able wearing surfaces. Cobblestones and untreated wood blocks were 
not satisfactory. Stone blocks were used in those locations where 
sandstone and granite, whose natural cleavage planes permitted the 
manufacture of somewhat smooth blocks at reasonable cost, were eco¬ 
nomically available. One of the first of modern surfacings was rock 
asphalt which was im})orted from Europe and was used in cities along 
the Atlantic seaboard and on the Gulf coast. The first brick pave¬ 
ment was constructed in Charleston, West Virginia, in 1871, and sheet 
asphalt was first used in 1879 on Pennsylvania Avenue in Washing¬ 
ton, D. C. Bellefontaine, Ohio, is credited with having the first street 
pavement of Portland cement concrete. Wayne County, Michigan, 
constructed the first rural road of concrete in 1909. 

Beginning of Motor-Vehicle Travel. The year 1904 marked the 
beginning of motor-vehicle travel. Motor vehicles had been developed 
prior to this time, but their use had been restricted to urban streets. 
Mechanical improvements developed rapidly, and about 1904 or 1905 
motor vehicles in large numbers commenced to use rural highways 
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and, because of their economy and speed of operation, made highway 
development a necessity in modern life. 

The motor vehicle immediately confronted the country with a tre¬ 
mendous highway problem. Many municipalities and rural sections 
found that their bioken-stone streets and roads, which were admirably 
adapted to horse-drawn vehicles, were being destroyed rapidly by this 
new power vehicle. The utilization of bituminous surfaces on broken- 
stone roads and streets was perhaps the next most significant dt'velop- 
nient in connection with highway travel. In the eastern states, par¬ 
ticularly, very large mileages of roads and streets were treat(‘d with 
bituminous materials which were the means of protecting the large 
expenditures which already had been made for travel purposes. 

The development of motor-vehicle transportation presented an¬ 
other problem in highway improvement of far-reaching imi)ortance, 
namely, the controversy of farm-to-market highways vs. through 
highways. This problem affected those states which were largely* 
agricultural. The extensive railroad construction in tlie United States 
had opened up large areas to agricultural development and providcul 
means for transporting farm products to markets. The improvement 
of local roads to servo farm travel was urged as a UK'ans of further 
agricultural devcloimient. Along with this demand arose the problem 
of im|)roving the main travek-d routes betw(M'n the })rin(‘ipal centers 
of population. Farm-to-market roads did not always serve through- 
traffic, and in many areas tli(‘ principal liighways suffered from lack 
of improvement. This condition was an important factor in the de- 
velo])ment of the prineijde of f(*deral aid for highways of int(‘rstate 
imj)ortance 

Effect of the World War. The dev(‘loj)ment of Ingliway travel 
after tlie (‘iitry of the (hiitcMl States into the World War brought 
many new problems into prominence, of which one of the most 
important was the subject of loads. The transportation of commodi¬ 
ties principally from the interior to the Atlantic seaboard immediately 
demonstrated the inability of existing highways to withstand the 
heavy loads which were being hauled by motor truck. Load restric¬ 
tions on existing highways and the design of road surfaces on new 
and reconstructed highways became of jiaramount importance. Th(‘ 
necessity of bridgc'-building programs was speedily recognized. New 
problems relating to the construction and financing of interstate high¬ 
ways recjuired solution. Highway inijirovement thus assumed a posi¬ 
tion of vast imiiortance in the industrial, agricultural, and social life 
of the country. 
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State Aid Development. During the early stages of our historical 
development the improvement of highways was largely under the 
control of local governmental units with some national participation 
tliat already lias been tiescribed. The agricultural development, which 
was made possible by the country's railroad facilities, soon caused the 
participation of state agencies in highway improvement. The first 
state-aid law was passed by New Jersey in 1891, and by 1900 the 
states of Vermont, New York, Massachusetts, Maryland, Connecticut, 
and California had passed similar legislation. The rapid use of the 
motor vehicle soon afterwards caused other states to participate in 
road building. In many states, this participation was affected to a 
large degree by the farm-to-market vs. through-highway problem, and 
much of tlie actual iinjirovement was scattered and disconnected. 

Federal Participation in Highway Building. The first activities 
of the national government in highway improvement consisted of di¬ 
rect participation in construction and have been described. These 
activities ceased with the work on the National Pike about 1840, and 
it was not until 1893 that the national government again became 
actively interested. In that year the V. R. (Office of Road Inquiry was 
created by an Act of Congress. This office was placed under the 
Department of Agriculture, and for a period of 23 years its work was 
entirely educational. It*- name was later changed to the Bureau of 
Public Roads. On July 1, 1939, the functions of the Bureau were 
transferred to llie IT. S. Public Roads Administration, a division of 
the Federal AVorks Ag(‘ncy. In 191G Congress passed the Federal Aid 
Road Act, which was the direct result in a large degree of the farm- 
to-mark(*t e.s. through-highways controvt^rsy. An approjiriation of 
$75,000,000, to be expended in five years, was yirovided and was ap- 
jiortioned among the states in jiroportion to their area, population, 
and postal rout(' mileage. The federal government’s participation 
was limited tt) 50 per cent of the cost of construction and a maximum 
of $10,000 per mile. The postal route feature has been modified, and 
the maximum limit has since been changed. The Federal Aid Road 
Act required each state to have a state highway dejiartinent and 
drew the attention of the states to the necessity of planned highway 
systems. 

About this time .strong (‘fforts were made to establish a national 
highway system to be financed, constructed, and maintained by the 
national government. These efforts did not meet with success, which 
was due in large measure to the popularity of the federal aid plan 
among the various states. The passage, by Congress, of the Federal 
Highway Act, in 1921, overcame many of the objections to the federal 
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aid plan raised by supporters of the national highway plan. The 
Federal Highway Act of 1921 provided for the establishment of a 
federal highway system and made its maintenance mandatory upon 
the various states. 

Large appropriations for road purposes were made by Congress 
in connection with emergency measures to relieve the conditions caused 
by the financial depression which began in 1929 and reached its low 
level in 1933. Portions of those appropriations were allocated to 
primary highways, to city streets on state and interstate routes, and 
to secondary highways which connected with state highways. 

HIGHWAY SYSTEMS 

The public highway systems of the United States include: 

1. The national highway system. 

2. State highway systems 

3. County highway systems 

4. Town, or township, roads 

5. Municipal streets. 

National Highway System. There is no national system of high¬ 
ways in the United States which is constructed and maintained di¬ 
rectly by the federal government. The federal government, as 
previously stated, participates in the construction of highways of 
interstate importance by granting federal aid to the various states. 
As a result of a cooperative arrangement between the American 
Association of State Highway Officials and the U. S. Department of 
Agriculture, a comprehensive system of interstate highways was se¬ 
lected by a Joint Board on Interstate Highways in 1925, and a uni¬ 
form system of numbering and designating these routes for the con¬ 
venience of the public was recommended. Since that time this system 
of interstate highways has been expanded and generally has been 
adequately marked with marker signs in the shape of a shield, bear¬ 
ing the name of the state, the letters and the number of the 

route. Even numbers are used to designate easterly and westerly 
routes and odd numbers to designate northerly and southerly routes. 
This system of “US” highways, which is constructed and maintained 
by the various states with the help of the federal government, has 
thus provided the equivalent of a national highway system. 

The practical completion of surfacing on the principal interstate 
highways by 1938, the large increase in highway traffic, and the re¬ 
quirements of national defense, led to the recommendation of an 
interregional highway system comprising about 30,000 miles of high- 
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ways and providing for the betterment of existing routes to carry 
swiftly moving traffic between all of the major population centers of 
the country. This program, involving the modernization of the fed¬ 
eral-aid highway system, including the (diminution of railroad and 
many highway grade crossings and the improvement of secondary 
and feeder roads, will constitute the next stage in highway develop¬ 
ment in the United States. i 

State Highway Systems. Soon after the advent of the motor 
vehicle, many states recognized the fact that certain highways were 
of statewide importance and, by icgislative enactment, created state 
highway systems. In most of the stak's, tlie state highway system 
embraced roads of interstate importance and those which connected 
the main cities and villages. Thus these systems have become well 
established and future (i(‘V(‘lo])ments will consist of alterations of 
existing routes to facilitate trav(‘l and additions made necessary by 
the development of specific areas. 

Local Highway Systems, (hitil the advemt of the motor vehicle, 
rural highways wen* largidy local in imi)ortanc(‘ 'ind thenr care was 
entrustc'd to local officials. In many sections of tlu* countly, particu¬ 
larly in the Middle ^^h*st. roads were under townshi]) control; in New' 
Kngland they w’ere uiid(‘r the control of towuis; and in other sections 
of the country, particularly in the South, they w’erc under county' 
jurisdiction. In many stat(*s iiaving tow'nshij) units, especially in the 
Middle W(‘st, as highway transportation developed, county highw^ay 
systems were ('stablished to care for the more lu'avily traveled roads, 
leaving only the local farm roads in tlu* (*onlrol of the township units. 
Unless a township (‘nil)ra(*es a large an'a and has large financial re¬ 
sources, it is too small a unit to administer highway improvement and 
maintenance ('ffieiently. Its purchasing power usually is limited, and 
it cannot develop a continuing organization with the nec('ssary equip¬ 
ment to do effective w’ork. Some states liavt* eliminated the township 
unit in highway administration and placed all local roads under the 
care of county units. North (kirolina and Virginia have placed all 
roads under the care of their state higluvay (kq)artments. 

Municipal Streets. The administrative control of street imjn-ove- 
ments is generally vest(‘d in a street dei)artment, engiiu'cring depart¬ 
ment, or department of juihlic works. Municipal streets form a very 
important j)art of the entire highway transportation system, and most 
states provide for c()o})erative financing of stiTct thoroughfares w’hich 
form a part of state or county higlnvay systems. 


' In Louisiana, the pariah corresponds lo the county unit in other states. 
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THE HIGHWAY STRUCTURE 

The highway structure embraces the entire right-of-way, which is 
the area occupied by the highway between the boundary lines with 
private property on each side, and consists of: 

I. The subgrade, which is the soil below the roadway and 
below the shoulders. 

11. The roadway, or traveled portion of the highway; it may 
consist of one or more courses of road-surfacing material 
and may include a foundation. It is further described as 
consisting of a number of traffic lanes, each sufficiently 
wide to accommodate the vehicles which use it and to pro¬ 
vide safe clearance between vehicles in adjacent lanes. 

III. The shoulders, which are the two strips of earth or other 
material, one on either side of the roadway, between the 
roadway and the inside boundary of the ditch or gutter. 

IV. The roadside, which is the area between each boundary 
line and the edge of the adjacent ditch or gutter; if there 
are no ditches or gutters, no visible boundary exists be¬ 
tween the shoulders and the roadside. 

V. The drainage system, which includes ditches, gutters, 
drains, spillways culverts, and bridges. 

VI. Miscellaiieou.^ structures such as guard railing, sidewalks, 
retaining walls, lighting systems, grade-crossing treatments, 
and signs. 

Classification of Roadway Surfaces. We may classify the various 
wearing surfaces or jiavements into three princii>al groups as follows: 

I. Low-type surfaces: 

1. Natural earth. 

2. Sand-clay. 

8. (1 ravel. 

4. Stabilized soil. 

5. Traffic-bound macadam. 

6. Some sjiecial surfaces including iron or(‘, shell, lime- 
rock, etc. 

11. Intermediate-tyjie surfaces: 

1. Traffic-bound and water-hound macadam with bitu¬ 
minous surface treatment. 

2. Bituminous road mixes with adequate foundations. 

3. “Low-cost” bituminous ])lant mixes with adequate 
foundations. 

4. rc'inent-bound macadam. 

5. Bituminous macadam. 

III. High-type surfaces: 

1. C\)ncrete. 

2. Bituminous concrete, sheet asphalt. 

8. Rock asphalt. 

4. Block pavements. 
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The foregoing classification is subject to differences of opinion. 
Bituminous macadam, for example, generally is described as an inter¬ 
mediate type, but in many cases may be classified, quite properly, as 
a high-type surface; thin rock asphalt surfaces on gravel and broken 
stone foundations may be, and frequently arc, described as of inter¬ 
mediate type. 

Flexible and Rigid Types of Pavements. Roadways may be 
further classified as rigid and fienble. Pavements of Portland cement 
concrete or those in which Portland cement concrete bases or founda¬ 
tions are used are known as rigid pavements. Gravel, the various 
types of macadam, and asphaltic or bituminous wearing courses sup¬ 
ported on gravel, macadam, or bituminous foundations are known as 
flexible jiavements or roadways. 
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HIGHWAY SUBGRADE SOILS 

Highway wearing surfaces and pavements sc'rvc two purposes—- 
they provide resistance to tlie wear of traffic^ and tliey transiriit the 
weight (including im]mct) of vehicles to the mulerlying subgrade soil. 
In addition to the f()r(‘es inij)osed by traffic, highway w(‘ariiig coui’ses 
and pavements arc* subjc'cted to forces n'sulting from movements in 
the subgrade soil. The liighway engineer, thcTcd’ore, is interested not 
only in the effect of the wearing surface on the subgrade but also in 
the effect of the subgrade on the wearing surface*. Although our 
knowledge of soils is by no means complete, a large amount of in¬ 
formation, which is hel})ful in the design, (‘oustruction, and mainte¬ 
nance of highways and streets, is available*. 

Constituents of Soils. Soils an* formeel by the disintegration and 
decomposition of rocks through the action of tempeTaturc clianges, 
water, ice, frost, and plant and animal life* The* ni)}>er layer of fine¬ 
grained material, whicli sup})orts j)lanl life*, (‘ontains liumus resulting 
from the decay of vegetation and is known as the soil proper. Sub¬ 
soil is the underlying soil and is less weathered and usually (‘ontains 
little or no vegetable matt('r Soils are eomj)osed of granular mineral 
material, organic inatt(‘r, and A^arious inoi'ganic chemical compounds. 
The granular mineral material is elassilied into five constituents 
called gravel, sand, silt, clay, and colloids, which are defined, rather 
arbitrarily, according to their grain size or diameter as follow's: 


CJra\ ('I 

()\(‘r 2 00 

inm 

Snn<l 

2.00 (o 0 05 

min 

Sill 

0.05 to 0.005 

inin 

('lav 

hclow 0 005 

nim 

Colleids 

below 0.001 

Him 


Colhnds are extrtmiely small })articl(‘s; inorganic (‘olloids arc not a 
separate mineral but an* clay in a finely divided form and are gluey 
in character. Soils also contain organic colloids which are gelatinous 
in character. Mixtures of sand, silt, and clay with humus are kiiowm 
as loams. Muck is the soft silt, mixed with organic matter, which is 
found in swamps or is deposited by overflowing rivers. Peat is soil 
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formed by the decomposition of vegetable matter under water. The 
inorganic chemical compounds of greatest importance with reference 
to their effects on subgrade soils are lime and magnesium compounds 
which tend to flocculate fine-grained soils, and sodium and potassium 
compounds which tend to deflocculate or disperse fine-grained soils. 

Water is a very important constituent of soils and may be present 
as free water, which is in the ordinary liquid form, or as adsorbed 
water, which exists as a film surrounding and attracted to soil parti¬ 
cles by adhesive force. Water enters soils as the result of the gravi¬ 
tational flow of rainwater or water resulting from the melting of ice 
and snow, or as the result of capillary flow from an adjacent source 
of supply. Capillary flow can occur only when the soil pores are 
small enough to create surface tension. Free gravitational water 
may be removed from soils by drainage; water can be removed from 
capillary soils by drainage only when the quantity of water present 
is in excess of that retained by capillary force 


PROPERTIES OF SOILS 

The properties of soils of greatest importance to the highway 
engineer are density, supporting i)ower, permeability, compressibility, 
elasticity, and capillarity. 

Density. The density or degree of consolidation of a subgrade 
soil exerts* an important influence on the supporting power and on 
the water-bearing capacity of the soil. The density of a soil may be 
expressed in terms of its porosity or its voids ratio. Porosity is the 
ratio of the volume of voids in a given quantity of soil to the volume 
occupied by the soil and its contained voids, and is expressed as a 
percentage. Voids ratio is the ratio of the volume of voids to the 
absolute, or solid, volume of soil particles in a given quantity of soil. 

Supporting Power. The supporting power of a soil may be de¬ 
fined as its ability to resist penetration or lateral flow when loaded 
(see Fig. 1), and it depends upon the ability of the soil to resist shear. 
The shearing resistance, or shearing strength, of soils is not a single 
property but depends upon two other mechanical properties of soil 
grains, namely, internal friction and cohesion. Internal friction is 
the resistance of soil grains to sliding over each other; cohesion is the 
resistance of the soil grains to pulling apart. Internal friction de¬ 
pends largely upon the size, gradation, and quantity of soil particles 
having rough surfaces and is greatest in sand, less in silt, and least 
in clay. Cohesion is a measure of the stickiness of soil particles and 
consists of true cohesion, w'hich is the molecular attraction between 
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the soil particles, and apparent cohesion, which is caused by the 
molecular attraction of water. True cohesion is illustrated by two 
sheets of paper held together by glue; the firm surface of beach sands 
when wet illustrates apparent cohesion. Cohesion depends largely on 
the quantity of small, smooth soil particles and is greatest in clays 
having large proportions of colloids, less in clays having small 
amounts of colloids, much less in silts, and least in sands. It is obvi¬ 
ous that internal friction in soils depends upon the density of the soil 

kMding UaM Load rtmovM 

Literal Flow 


Comprmion 









Elasticity 

Courtesy of U. 8 PuWc Roads Administration. 
Fig. 1. Diagram illustrating the effect of loads on soils. 


and that it varies with the amount of outside pressure exerted upon 
the sliding plane of soil. Cohesion is not affected greatly by outside 
pressure upon a sliding plane of soil. (See Fig. 2.) 

Permeability. Permeability is the rate at which gravitational 
water flows through soils; it depends upon the hydraulic gradient, 
upon the size and number of the soil pores, and upon the temperature. 
The unit of permeability is called the coefficient of permeability, is 
designated as K, and is the velocity in centimeters per second under a 
hydraulic gradient of 1. Sands and coarser soils are most permeable, 
and permeability decreases as the grain size decreases, clays being 
least permeable. 

Compressibility. The compressibility of soils refers to the reduc¬ 
tion of soil volume by the application of outside pressure. The com¬ 
pression of dry soils, without accompanying lateral flow, occurs when 
the air in the void spaces escapes or itself is compressed. Wet soils 
compress, without accompanying lateral flow, when the water in the 
void spaces can escape as pressure is applied. If sand containing 
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water is placed in a cylinder with screens so arranged that the water 
may escape freely as pressure is applied through a plunger, the volume 
occupied by the sand will decrease rapidly, owing to the low resistance 
of the soil to the flow of the water through it, or owing to the high 
permeability of the soil. If wet clay were compressed in the same 
cylinder under the same conditions, the compression will occur at 


width of ioMlid area 
•quals 1.42 foot. 
No surcharfa. 




Width of kMtfed ana tqiwli 1.42 (Mt 
Surcharga adjacent to loaded area 
equals 100 pounds par square foot. 



The supporting poirer of one 
square foot of cohesionless 
sand is 770 pounds. 


The supporting power of one 
square foot of cohesiontess 
sand becomes 2020 pounds. 


(a) Cohesionless Sand 
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Width of loaded area equals 1.42 feet 
Surcharge adjacent to loaded area 
equals 100 pounds per square foot. 



The supporting power of one 
square foot of soft cohesive 
clay IS 860 pounds. 


The supporting power of one 
square foot of soft cohesive 
clay becomes 960 pounds. 


(6) Soft Cohesive Clay 

Covrirny of TJ. *S’. Public Roads Administration. 

Fkj. 2. Kclativc cffrct on (Iir .supportiiiK power of soils of uniformly loading the 
soil adjacent to the loaded area. 


a much slower rate on account of the low permeability of the clay. 
It is thus apparent that the rate of consolidation of a soil depends 
on its permeability when contained moisture has an opportunity to 
escape. 

Elasticity. Elasticity of soils may be defined as the ability to 
rebound or regain part of their original form when compressed and 
the load is removed (see Fig. 1). No soils are compljetely elastic, 
and the degree of rebound may vary greatly. Research investigations 
have shown that the elasticity of soils is caused by the presence of 
flaky soil particles and organic colloids. The flaky particles are found 
frequently in silts, less frequently in clays, and rarely, if at all, in 
sands; organic colloids are present in peat soils. 
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Capillarity. Capillarity is the ability of soils to absorb water 
by contact with a source of supply and transmit it in all directions 
regardless of the amount and direction of the force of gravity. The 
force which causes this flow of water is surface tension, or the mo¬ 
lecular attraction of thin films of water, and is called capillary ten¬ 
sion. The maximum height to which water will rise in soils is inversely 
proportional to the diameter of the soil pores and therefore inversely 
proportional to the diameter of the soil particles. The rate at which 
water will rise in soils varies directly with the capillary tension (which 
is inversely proportional to the diameter of the soil pores) and inversely 
with the frictional resistance of the soil pores to the flow of water 
(which is directly proportional to the diameter of the soil pores or to 
the diameter of the soil grains); it also depends on the destruction 
of capillary equilibrium by surface evaporation, by freezing, or by 
changes in ground-water elevation. Frictional resistance to the flow 
of water increases more rapidly than capillary tension, and therefore 
there is a soil pore diameter which will produce a maximum rate of 
capillary rise. It has been determined both by experiment and by 
calculation that the.maximum height of capillary rise in 24 hours 
occurs when the soil particles are 0.02 mm in diameter. Soil particles 
of this size are classified as fine silt. 

TESTS OF SUBGRADE SOILS 

Extensive research has shown that each of the constituents of soils 
influences the physical properties of soils and that the proportions of 
the various constituents will, to a very large extent, influence the 
physical behavior of soils. However, the performance of soils varies 
not only according to their constituents but also according to the 
condition or state of the soil, that is, its density, the location and 
quantity of ground water, the character and amount of manipulation 
or disturbance which will be necessary for construction, and climatic 
conditions. The use of the proportions of the various constituents 
of soils for predicting the behavior of soils is further limited by diffi¬ 
culties encountered in the determination of these proportions. The 
separation of the various grain sizes is accomplished by means of a 
mechanical analysis. The separation of grain sizes above 0.074 mm in 
diameter, which is the linear opening of a standard No. 200 sieve, is 
performed quite readily by passing the soil through sieves. Difficulties 
in the manufacture of sieves having extremely small openings have 
led to the use of sedimentation methods of determining grain sizes 
below 0.074 mrii. Unfortunately, these methods are not entirely reli- 
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abk; sedimentation rates measure spherical diameters instead of actual 
diameters, and are affected by the specific gravities of the particles 
and by the dispersion of the soil. The sizes measured are also those of 
the particles plus adsorbed films rather than of the particles them¬ 
selves. Thus the accurate determination of grain size is limited to 
particles above 0.074 mm in diameter, which is approximately the 
dividing line between sand and silt. Since the most objectionable 
soil characteristics are found in the very fine-grained soils, such as 
silts and clays, it is obvious that present methods of separating soils 
into their various grain sizes arc definitely limited as a means of 
determining soil properties. Mechanical analysis is not wholly useless, 
however, and is included in the routine testing of soils. 

A routine of soil tests was developed as the result of extensive re¬ 
search, so that soil performance may now be predicted with reasonable 
accuracy; this accuracy will be increased as further data are accumu¬ 
lated. The procedure of soil testing involves the use of several terms 
which must be explained for the student or reader who approaches 
the subject for the first time. These terms are ^^moisture content,'^ 
‘^subgrade soil test/^ ‘^subgrade soil constant,’^ and ^^soil texture.” 

The moisture content of a soil is the percentage of moisture in 
tlie soil, by weight, based on the dry weight of the soil. A subgrade 
soil test is an arbitrary test procedure for measuring a particular 
physical characteristic. A siihgrade soil constant is either the result 
obtained from a subgrade soil test or a calculation based on subgrade 
soil tests. Texture is a term used to express the percentage of the 
various soil constituents.and is shown graphically in Fig. 3. 

The principal soil tests and constants are critical moisture, plastic 
limit, liquid limit, pla.sticity index, shrinkage limit, centrifuge moisture 
equivalent, field moi-ture equivalent, volumetric change or volumetric 
shrinkage, and lineal shrinkage. Density tests are also useful. It 
will be observed that the various subgrade soil tests are conducted on 
disturbed samples of soil; the practicability of testing subgrade soils 
in the disturbed state i*^ obvious when attention is called to the fact 
that most highway subgrades arc disturbed by excavation, by filling, 
or by some form of manipulation. 

Critical Moisture. The relation between the deformation and 
moisture content of cither confined or unconfined soils under constant 
load is a straight-line relationship up to a certain moisture content 
where the curve breaks abruptly and again follows a straight line. 
The moisture content at this abrupt change is known as the critical 
moisture. The critical moisture is not determined as a routine test. 
Tests of the U. S. Public Roads Administration show that the critical 
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moisture is approximately equal to the plastic limit of cohesive 
soils and to 75 per cent of the liquid limit of cohesionless soils. 

Plastic Limit The plastic limit of a soil is the lowest moisture 
content at which the soil can be rolled into threads Ys in. in diameter 
without the threads breaking in pieces. The principal value of the 
plastic limit is that it is used in calculating the plasticity index of a 
soil. Sands, not being plastic, have no plastic limits; silts sometimes, 
and clays always, have plastic limits. 



Fig. 3. Classification of soils according to grain size. 

Liquid Limit. The liquid limit of a soil, as the name indicates, 
is the minimum moisture content which will cause the soil to flow 
when subjected to a very small force. The liquid limits of soils indi¬ 
cate the moisture contents which overcome internal friction by lubri¬ 
cating the grain surfaces and overcome cohesion by expanding or 
pushing apart the soil particles. 

Plasticity Index. The plasticity index of a subgrade soil is the 
difference between its liquid limit and its plastic limit. Soils have 
little or no cohesion left when the moisture content is at the liquid 
limit, whereas they still have considerable cohesion when the moisture 
content is at the plastic limit; therefore the plasticity index offers a 
means of measuring the cohesion of a soil. 

Shrinkage Limit. Soils having capillarity will shrink when de¬ 
prived of their moisture by evaporation due to the capillary force 
exerted on the walls of the soil pores. As water is evaporated, the 
soil particles resist consolidation, and this resistance increases as the 
soil mass shrinks, until finally it equals the capillary force and further 
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evaporation will not cause a further reduction in the volume of the 
soil mass. The moisture content of the soil, when these two forces 
become equal and shrinkage ceases, is called the shrinkage limit of 
the soil. Some elastic soils expand when evaporation is carried beyond 
the shrinkage limit; this expansion appears to be caused by mica 
flakes. 

Centrifuge Moisture Equivalent. The centrifuge moisture equiva¬ 
lent of a soil is the moisture content retained by a soil which has 
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Fig 4 Action of centrifugal forte on sample of soil in centrifuge moisture 

eqiinalent test 


been saturated with water and then subjected to a centrifugal force 
equal to 1000 times the force of gravity for 1 hour. The soil sample 
IS placed in a cup having small openings at the bottom, as shown 
in Fig 4. The centrifugal force tends to squeeze the moisture from 
the sample at both the top and the bottom of the cup, and the flow 
of the moisture is resisted by the capillarity of the soil and the fric¬ 
tional resistance of the soil pore surfaces When the resistance to flow 
IS large enough to overcome the centrifugal force, water is forced out 
at the top of the sample; this condition is known as “waterlogging.” 
It IS apparent that the centrifuge moisture equivalent is a measure of 
the permeability and capillarity of soils. The centrifuge moisture 
equivalent test is not conducted by the U. S. Public Roads Adminis¬ 
tration on soils with liquid limits greater than 35. 
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Field Moisture Equivalent* The field moisture equivalent of a 
subgrade soil is the lowest moisture content at which a drop of water 
placed on a smoothed surface of the soil will not immediately be 
absorbed but will instead spread out over the surface and cause it to 
have a shiny appearance. This result indicates that the pores of sands 

(non-cohesive soils) are completely 
filled and that clays (cohesive soils) 
have become impervious, although 
their capillarity may not be satisfied. 

Shrinkage. Determinations of the 
shrinkage of soils, to be useful for 
comparisons, must be based on a def¬ 
inite initial moisture content and 
must be carried to the shrinkage 
limit. The field moisture equivalent 
usually is selected as the initial mois¬ 
ture content. The shrinkage from this 
initial moisture content to the shrink¬ 
age limit is generally determined on 
a volumetric basis, is called volu¬ 
metric change, and is expressed as a 
percentage of the volume of the dried 
soil. Lineal shrinkage may be calcu¬ 
lated from the volumetric change. 
Sands have no volumetric change, 
silts undergo only small changes, and 
clays and colloids shrink greatly. A 
maximum volumetric change of about 
17 per cent represents the dividing 
line between stable and unstable sub¬ 
grade soils. 

Density Tests. Tests developed 
by R. R. Proctor have shown that, for a given soil compacted under 
prescribed conditions, there is an optimum moisture content at which 
maximum density occurs. A sample of the soil at a known low 
moisture content is compacted by a definite procedure in a volumetric 
measure and its unit weight determined; the test is repeated at in¬ 
creased moisture contents until the unit weight decreases. The 
moisture-density relationship is then plotted, and the optimum mois¬ 
ture content, which is at the peak of the dry-weight density curve 
(see Fig. 5), is observed. This test is useful in determining the mois¬ 
ture content at which various soils should be artificially compacted. 



Moisture, in Percentage of Dry Weight 

Fig. 5. Relation between mois¬ 
ture content and density of com¬ 
pacted soil for an Ohio highway 
embankment. (K. B. Woods.) 
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The resistance of the soil to the penetration of a load-indicating 
needle may also be determined. 

The degree of consolidation of the soil in an embankment which 
is being artificially compacted may be checked by digging a hole with 
a post-hole augur, weighing the soil removed, determining its moisture 
content, and filling the hole with dry sand of a known loose unit 



Courtesy of V. S Pubiic Roads Administration, 

Fig. 6. Relation between the load on a given soil and the bearing area for a 
given vortical deformation. {Public Roads, Vol. 6, No. 7, p. 162.) 

weight from a previously weighed quantity of the sand which is more 
than sufficient to fill the hole, and weighing the remaining sand. 

Direct Measurement of Subgrade Supporting Power. Numerous 
methods have been proposed for measuring the supporting power of 
subgrades by the direct application of loads to the surface of the 
subgrade. Circular bearing blocks or plates generally have been 
employed, and measurements of the vertical deformations resulting 
from the application of successive increments of load have been an 
essential feature of the procedure. The size of the bearing area exerts 
an important influence on the bearing value corresponding to a defi¬ 
nite vertical deformation; this relation is illustrated by the diagram 
in Fig. 6, which represents the results of tests conducted by the U. S. 
Public Roads Administration. Housel has shown that, for any given 
vertical deformation of a given soil, the unit pressure is directly pro- 




20 


HIGHWAY SUTC^RADE SOILS 


portional to the perimeter-area ratio of the loaded area and that this 
relation may be represented graphically by a straight line. (See 
Fig. 7.) Thus, if a load-deformation test is conducted with two (or 
more) bearing blocks having different areas, the unit pressure under 
another area for the same deformation may be read from the diagram 



Fjg. 7. RoJation holwoon the load on a given soil and I he ix'iirneh'i-aiea ratio 
of llx' loaded au’d, foi a given defoimation {From h s/s bif Ilubbanl cnid FuUl ) 


msulting from plotting unit pressures against the perimeter-area ratio, 
extending the diagram if the area at which the unit pressure is desired 
is larger or smaller than those employed in the tests. 


EFFECT OF VEHICLE LOADS ON PAVEMENTS AND SUBGRADES 

The integrity of a highway wearing course or pavement can be 
preserved only when the load-carrying capacity of the subgrade is 
sufficient to support vehicle loads without serious deformation occur¬ 
ring either in the wearing surface or in the subgrade. It formerly was 
believed that wheel loads were transmitted through pavements or 
pavement foundations to the soil at angles of approximately 45° from 
the boundaries of the loads and that pressures on the soil were reason¬ 
ably uni^rm The theoretical stress distribution within a homogene¬ 
ous elastically isotropic mass resulting from a load a])plied to the 
horizontal surface has been determined for a point loading by Bous- 
sinesq and for a uniform load over a circular area by Love and 
Carothers. The Boussinesq formula, as published in the 1933 progress 
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report of a Special Committee on Earths and Foundations of the 
American Society of Civil Engineers, is as follows; '■ 


W 

V = ( 1 ) 

k, a coefficient, is 

2ir[l + (rA)2]« 

in which v = the vertical pressure, in pounds per square inch. 

W ~ the load, in pounds. 

z — the vertical distance of any given point below the surface 
from the vertical projection of the load, in inches. 


If R = formula 1 becomes 

3W 


(3) 


The Boussinesq formula is not applicable to the calculation of stresses 
near the surface of a loaded soil because the theory of elasticity does not 
apply in such locations and a so-called ^‘concentration factor, N, has 
been introduced into formula 3 as follows 


NW 

2t 


(4) 


The value of N varies from 3 to 6. 

Direct measurements of actual pressures on subgrades beneath 
overlying pavements (that is, at the pavement-subgrade interface) 
have been made by various investigators utilizing pressure cells. The 
results of some early mepsurements by A. T. Goldbeck are given in 
Fig. 8 and Fig. 9; they show that the intensity and the lateral dis¬ 
tribution of the pressure on the subgrade depend on the supporting 
power of the subgrade. Attention has already been called to the fact 
that the supporting power of a subgrade is due to the internal friction 
or cohesion of the soil (or a combination thereof) and may be in¬ 
creased by means of outside pressure if due to internal friction, 
whereas little or no increase is obtained when it is due to cohesion. 
This condition is illustrated in Fig. 2. The influence of internal fric¬ 
tion and cohesion on the supporting power of subgrades may be fur¬ 
ther illustrated by considering a concentrated load (such as a loaded 
truck wheel) applied to the upper surface of a concrete slab (at an 
interior point, some distance from the edge) resting on a subgrade. 

1 See Soil Mechanics, by D. P. Krynine, McGraw-Hill Book Company, New 
York, Chapter IV. 
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Fig. 8. Pressure distribution of various loads through a 12-in rock fill on a dry 
sand subgrade, the pressure being applied through a wheel block 20 in. in width 
and having a radius of 18 m {Goldbeck ) 


-Pressure distribution through 12"rock fill 

-Pressure distribution through 12'rock fill and 36''saturated clay subgrade 

Pressure applied through wheel block 20" wide 18" radius 
Ordinates represent pressure in pounds per square inch 
Abscissas show lateral distribution in inches 



Fia. 9. Pressure distribution of various loads through a 12-in. rock fill on a 
saturated clay subgrade, the pressure being applied through a wheel block 20 in. 
in width and having a radius of 18 in. {Goldbeck,) 
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The weight of ithe slab acts as a distributed load (or outside pressure) 
surrounding the concentrated load. If the soil consists of dry sand, 
which has high internal friction and no cohesion, its ability to support 
the concentrated load is increased by the surrounding distributed load 
which partially confines the soil. If the soil consists of moist clay, 
which has cohesion but little or no internal friction, the surrounding 
load does not appreciably increase the supporting power of the sub¬ 
grade; if the clay is moist enough to lessen the cohesion appreciably, 
the supporting power of the subgrade will be low, and the concrete 
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Fig. 10. Doflcctionsj of rock fills of \aiious depths on satinated clay subgrade for 
various suijor-imposcd loads A wh(‘cl block of 20-in width and 18-in. radius was 
in('d on all depths except 4-m , on winch an 8-in-diameter circular bearing block 

was U'^ed {Goldhi ck.) 


slab will bend; if the bending strength of the slab is sufficient to sup¬ 
port the load, the slab may remain intact for a long period of time, 
and the extent of the damage will consist of deformations in the sub¬ 
grade unless the subgrade soil posvsesses considerable elasticity. That 
more or less permanent deformations do exist under concrete pave¬ 
ments on cohesive soils was demonstrated by Clifford Older on the 
Bates Experimental Road in Illinois, ("oncrete slabs do have con¬ 
siderable bending strength; so let us consider the case of a flexible 
pavement, such as a macadam (broken-stone) layer, which has low 
resistance to bending. If the supporting power of the subgrade de¬ 
pends principally on internal friction, the deflection of the macadam 
layer will depend upon the destruction of the internal friction by 
water entering the subgrade; if the subgrade soil is principally sand, 
the area of the macadam layer surrounding the load (assuming, of 
course, that the macadam layer is compact) partially confines the sand 
and increases the internal friction. If the soil is wet clay, no increase 
in supporting power is contributed by the surrounding area of the 
broken-stone layer; if the clay becomes wet enough to lower the sup- 














24 HIGHWAY SUBOilADE SOILS 

porting power very appreciably, the flexible layer bends and breaks. 
These conditions are illustrated clearly in Figs 8, 9, and 10. The in¬ 
adequacy of increasing the thickness of flexible pavements on co¬ 
hesive soils which are subject to high moisture contents is obvious, 
the remedy for failures under such conditions does not he in the use 
of thick pavements or foundations but in some form of treatment of 
the subgrade 

EFFECT OF THE SUBGRADE ON THE WEARING SURFACE 

Subgrade movementb which affect the integrity of highway wear¬ 
ing courses are (1) elastic rebound after compression, (2) shrinkage 
and expansion, (3) frost hea\e, (4) slides m cuts and fills, (5) slips. 



Vourtety of U S Puhltc Roads Administration 
Fig 11 Rebound, after rolling, of elastic subgrade 


(6) settlement of fills, (7) lateral flow of soft subsoils, and (8) ;^rosion 
by surface water 

Elastic Rebound of Soils. Elastic subgrade soils may be detri¬ 
mental to both flexible and rigid pavements The compaction of flex¬ 
ible layers on such subgrades may be difficult or impossible because the 
rebound pfter compression bends the layers upwarcFand destroys their 
bond by cracking Elastic soils usually retain some consolidation 
after rolling, and concrete foundations or pa\enients niav be damaged 
during the setting of the concrete, slight \etting of the subgradc by 
sprinkling m by absorption of water from freshly mixed concrete will 
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cause rebound of the subgrade, which generally will be non-uniform, 
and cracking of the concrete will occur during the setting of the con¬ 
crete. This cracking may extend in any or several directions. One 
of the most serious cases of excessive cracking of concrete pavements 
caused by elastic subgrades to come within the observation of the 
author occurred on a clay subgrade in St. Clair County, Michigan. 
Cracking began within 20 minutes after placing of the concrete, the 
cracks forming at intervals of as little as 2 to 3 in. apart and running 



Fig 12. Cracking of concrete pavement on elastic subgradc. 

diagonally from the center to the edges of the pavement. Measure¬ 
ments revealed a rebound of the moistened soil of as much as % to % 
in. within 30 minutes after moistening. Elastic subgrades may not 
seriously affect concrete pavements after the concrete has acquired its 
normal strength, but the thickness of such pavements should be greater 
than on non-elastic soils of^high supporting ability, and some form of 
subgrade treatment is desirable. 

Shrinkage and Expansion. The influence of capillarity on the 
shrinkage and expansion of soils has been described. Most sands pos¬ 
sess little or no capillarity. Silt and friable clay soils possess capil¬ 
larity, and moisture absorbed by capillary action may force the grains 
apart and cause sliding or caving of slopes. Subgrades composed of 
such soils have low supporting value when wetted by capillary action. 
The presence of an impervious road surface on such soils will prevent 
evaporation, and moisture will collect under the road surface and 
soften the subgrade. 
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Cohesive clay soils possess capillarity, but cohesion will prevent 
the absorption of water unless the soils are manipulated in contact 
with water so that mixing of the soil and water takes place. Thus, 
flexible pavements on cohesive clays may fail because of water reach¬ 
ing the subgrade through the pavement or between the pavement and 
the shoulders; the kneading action of vehicle loads on the pavement 
mixes the soil and water with resulting loss of subgrade support. The 
softening of natural earth surfaces on such soils by rains renders them 
impassable until evaporation removes the water. 



Courtesy of Muhxgon State Highway iupnrtmenx 
Fig 13 Fiost hra\f' on a gr.nd load 


Frost Heave. Damage to highway wearing surfaces and pave¬ 
ments by frost action is the result of heaving of the subgrade soil by* 
frozen moisture in the form of ice layers. This heaving may occur at 
any time during the winter in cold climates The force exerted by the 
heaving soil and by the impact of traffic on affected areas shatters the 
wearing surface or pavement, and failure progresses when thawing 
occurs and when additional water from melting snows and rains enters 
the subgrade directly through the shattered surface and indirectly by 
capillary attraction from the adjacent roadsides. 

Frost heave depends upon both large and small capillary openings 
in the sabgrade soil and upon a supply of water. The water in the 
large capillary openings freezes at or near normal freezing tempera¬ 
ture, whereas the water in the small capillary openings freezes at lower 
temperatures. As the water freezes in the large capillary openings, 
the resulting ice particles attract the water from nearby small openings. 
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which then freezes, and the original ice particles increase in size. This 
enlargement progresses as long as capillarity continues to supply 
water, and eventually well-defined ice layers are built up and the 
soil above them heaves. Natural earth surfaces and flexible wearing 
courses may be greatly damaged by this heaving. Rigid pavements 
resist the forces of heaving but frequently are damaged to an extent 
which requires extensive repairs or even complete replacements. 



Fia 14 Pavement failure caused by slide in side fill 

The influence of capillarity on the occurrence of frost heave in 
subgrade soils is apparent from the foregoing discussion. The extent 
of heaving will depend upon the amount of water present in the capil¬ 
lary openings of the soil and upon the ability of the soil to raise addi¬ 
tional water by capillary action. The capillary flow of moisture al¬ 
ready has been stated to be inversely proportional to the diameter of 
the capillary openings and to the frictional resistance of the surfaces 
of the soil particles. It is evident that the greatest quantity of water 
for frost heave will be furnished by non-cohesive soils having high 
capillarity. Therefore, frost heave may be expected in silty soils 
which have access to ground water. Clay soils with high water table 
may heave in appreciable amounts, but with a low water table the 
amount of frost heave should be negligible. 

Slides. The sliding of earth in cuts and fills occurs when the 
forces of cohesion and internal friction are less than the force exerted 
by the weight of the soil plus superimposed loads. 
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Slips. A slip is similar to a slide in its effects, but it results 
from a different condition. A slip occurs when one layer of soil moves 
over another layer of soil ; the two layers of soil usually are different 
in composition and i)hysical condition. The usual slip occurs when a 
layer of permeable soil moves downward over an inclined layer of 
impervious clay, the surface of which has been lubricated by seepage 
water. 

Settlement of Fills. Earth swells when excavated and, when 
placed in fills, compacts to a degree which depends upon the nature of 
the soil, the moisture content of the soil, the weight of the fill, the 
resistance of the underlying soil, the effectiveness of artificial methods 
of consolidation, and the opportunity for water to escape from the fill. 

Lateral Flow of Soft Subsoils. The presence of peat or muck 
subsoils is quite common in many parts of the United States and 
particularly in the glaciated areas of the northern states. Large areas 
may be involved, or small areas (often called “sinkholes”) may be 
encountered. The upper layer of soil generally consists of a tough, 
fibrous mat, which may be several feet in thickness; below this mat 
the soil is black muck mixed with large percentages of water. A slimy 
ooze of varying thickness usually covers the firm soil at the bottom 
of such areas. The upper fibrous mat often possesses appreciable sup¬ 
porting power until it is loaded with additional earth for a highway 
embankment. Settlement ensues, and the soft undersoil is squeezed 
out gradually and frequently causes bulging of the soil surface at the 
sides. Stabilization of such fills by natural settlement may continue 
for very long periods of time, and frequent additions to the fills may 
be necessary. 

Erosion. Erosion of non-cohesive soils occurs on side slopes, 
ditches, and shoulders by the action of water and, in some locations, 
becomes a very serious problem. 


CLASSIFICATION AND IDENTIFICATION OF SUBGRADE SOILS 

The objectives of soil tests are the accurate prediction of the 
behavior of subgrades under actual use and the determination or se¬ 
lection of procedures or treatments for overcoming the damaging effects 
of defective subgrades. The U. S. Public Roads Administration at¬ 
tacked the problem of predicting soil behavior by determining the soil 
constants of representative soil constituents, by determining the effects 
of various proportions of the constituents on the soil constants, and 
by testing large numbers of soils whose performance was known. The 
influence of the various constituents on the physical properties of soils 
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has been indicated, but it will be desirable to summarize these in* 
fluences as follows: 

1. Gravel and sand contribute high internal friction. 

2. Silt, peat, and diatomaceous particles contribute detrimental 
capillarity. 

3. Clay and colloids contribute cohesion, and, mixed with silt 
and not flocculated, contribute compressibility. 

4. Mica flakes and other flaky or scale-like particles, and or¬ 
ganic matter, contribute elasticity. 

U. S. Public Roads Administration Classification. The results of 
these soil studies by the U. S. Public Roads Administration led to the 
classification of subgradc soils into eight uniform and three non- 
uniform groups, based on soil constituents, soil characteristics, and 
subgradc performance. This classification is given in Table 1. The 
mechanical analyses, or grading, and the test constants of the uni¬ 
form groups are summarized in Table 2. The grading of good soil 
mortars in group A-1 subgrade soils is shown graphically m Fig. 16. 

The values of the test constants are useful in the identification 
of subgrade soils. The U. S. Public Roads Administration found that 
the interrelationship of various soil constants was of equal or even 
greater importance than the individual constants themselves in the 
identification of subgrade soils. The four diagrams of Fig. 15 show 
the relationships which were found experimentally to exist between 
the liquid limit and four other soil constants for the eight uniform 
subgrade groups described in Table 1. These four diagrams consti¬ 
tute the soil-identification chart of the U. S. Public Roads Adminis¬ 
tration. The classification of subgrade soils given in Table 1 was 
not intended to be a rigid and final classification and has been modi¬ 
fied by some highway organizations; for example, some state highway 
departments consider it desirable to divide Group A-4 subgrades into 
two separate divisions. 

PREPARATION AND STABILIZATION OF SUBGRADES 

The highway engineer usually is confronted with two types of 
problems in connection with subgrades: (1) the correction of defects 
in subgrades already in use, and (2) the prevention of unsatisfactory 
conditions on new improvements. The first type of problem manifests 
itself by damage to the pavement, wearing course, wearing surface, or 
some other part of the highway structure, as the result of shear fail¬ 
ure, abrasive failure, clastic action, shrinkage, slides, or incomplete 
consolidation of the subgradc; the causes of the condition must be 
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TABLE 1 

Clabsification of Subqrade Soilb by U. S Public Roads Administration 


Group Soil ConBtituente 


Soil CharactensticH | 

Uniform Subgrades 


Subgrade Performance 


W ell-graded 
materials, sand, 
silt, and clay, ex¬ 
cellent binder 

Coarse and fine 
materials, im¬ 
proper grading or 
inferior binder 


Sand, no binder 


Cohesionless 
silts, friable cla3^ 
No appreciable 
amount of sticky 
colloidal clay 


I Micaceous and 
diatomaceous 
silts and sands 


Cohesive clays, 
dispersed state 


Micaceous, dia¬ 
tomaceous, and 
flocculated clays 
May contain lime 
or associated 
chemicals pro¬ 
ductive of floccu¬ 
lation m soils 


Peats and mucks 


High internal friction, 
high cohesion, no detri¬ 
mental shrmkage, expan¬ 
sion, capillarity, or elas- 
tici^ 

High internal fnction 
and mgh cohesion only 
under certain conditidns 
May have detrimental 
shrmkage, expansion, cap¬ 
illarity, or elasticity 

High internal fnction, 
no detrimental capillarity 
or elasticity 


Internal fnction \ en¬ 
able, no appreciable co¬ 
hesion, no elasticity, cap 
illanty important 


Svnilo>r to A-4 and in 
addition possesses elas¬ 
ticity in appreciable 
amount 


IjOW internal fnction, 
cohesion high under low 
moisture content, no elas¬ 
ticity. likely to expand 
and shrink in detrimental 
amount 


Similar to A 6 but pos¬ 
sess elasticity also 


Lom internal fnction, 
low cohesion, apt to pos¬ 
sess capillanty and elas- 
ticity in detrimental 
amoimts 


Highly stable under wheel loads, irrespec¬ 
tive of moisture conditions Functions 
satisfactorily when surface-treated or when 
used as a base for relatively thin wearing 
courses 

Highly stable when fairly dry Likely to 
soften at high water content caused either 
by rains or by capillary rise from saturated 
lower strata when an impervious cover pre¬ 
vents evaporation from the top layer, or to 
become loose and dusty in long-continued 
dry weather 

Lacks stabiLty under wheel loads but is 
unaffected b> moisture conditions Not 
likely to heave because of frost nor to shrink 
or expand in appreciable amount Fur¬ 
nishes excellent support for flexible pave¬ 
ments at moderate thickness and fot rela¬ 
tively thin rigid pavements 

Has a tendency to absorb watei very 
readily in quantities sufficient to cause rapid 
loss of stabihty even when not manipulated 
When drv or damp, presents a firm nding 
surface which rebounds but very little upon 
the removal of load Likely to cause 
cracking in rigid pavements as a result of 
froat heaving, ana failure in flexible pave¬ 
ments because of low supporting value 

Similar to Group A-4 but furnishes highly 
elastic supporting surfaces with appreciable 
rebound upon removal of load even when 
dry Elastic properties interfere with 
proper compaction of macadams during 
construction and with retention of good 
bond afterwards 

In stiff or soft plastic state absorb addi¬ 
tional water only if manipulated May 
then change to liquid state and work up into 
the interstices of macadams or cause failure 
due to sliding in high falls I'urnish firm 
support essential in properly compacting 
macadams only at stiff consistency Defor¬ 
mations occur slowly, and lemoval of load 
causes very little rebound Shrinkage 
properties combined with alternate wetting 
and drying under field conditions are likely 
to cause crackmg of rigid pavements 

Similar to Group A-6, but at certain 
moisture contents deforms qmckly under 
load and rebounds appreciably upon re¬ 
moval of load, as do subgrades of Group 
A-5 Alternate wetting and drying under 
field conditions lead to even mote detri¬ 
mental volume changes than in Group A-fl 
subgrades May cause concrete pavements 
to crack before setting and to crack and 
fault afterwaids 

Very soft incapable of supporting a road 
surface without being previously com¬ 
pacted 


Non-Uniform Subgrades 


Non-umform natural ground due to abrupt 
variation in soil characteristics or soil profile, 
or to frequent change in field conditions 

Non-umform subgrade due to non-umform 
composition of fill 

Non-umform subgrade consisting in part of 
natural ground and in part of fill materials 


Soils of these groups cause concrete pave¬ 
ments to crack or fault excessively and 
flexible types to fail or to develop rough 
riding surfaces 
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ascertained by a careful survey and such soil tests as may be con¬ 
sidered necessary. The kind and extent of treatment necessary in 
the second type of problem are determined by means of a careful and 
thorough survey of the proposed subgrade and by tests of carefully 
selected samples of the subgrade soils; the construction of a soil pro¬ 
file may be a desirable feature of the soil survey. For a description 
of procedures employed in soil surveys, the reader is referred to the 
current Standards of the American Association of State Highway 
Officials and the American Society for Testing Materials. 

The beginner will avoid some confusion if he will consider methods 
of preparing and stabilizing subgrades under the classifications: (1) 
those which are designed primarily to prevent damage from above, 
and (2) those which are designed primarily to prevent or correct 
damage from conditions which exist below the surface. Some meth¬ 
ods of preparation and stabilization are designed to enable the 
ground surface to be used as the travel surface, whereas other meth¬ 
ods are designed to provide the subgrade with sufficient resistance to 
loads and subgrade movements to support the superimposed wearing 
course or pavement. The two procedures may, of course, be com¬ 
bined on one road. 

Methods of preparation and stabilization of subgrades include: 

"1. Drainage. 

Removal and replacement of defective soils. 

3. Mechanical manipulation. 

4. The use of blanket courses. 

5. The use of foundation courses. 

6. Surface treatment. 

7. Subsurface waterproofing. 

8. The use of admixtures. 

9. Consolidation. 

10. Measures for the prevention and correction of slides and 
slips. 

11. The control of erosion. 

Drainage. Drainage, one of the most effective methods of stabiliz¬ 
ing subgradcs, is accomplished by means of open ditches, blind drains, 
and tile or pipe drains. Drainage always is effective in the removal 
of surface water, but the successful removal of ground water depends 
upon the capillarity of the subgrade soil. The removal of ground 
water from Group A-1 and Group A-3 subgrades may be entirely 
practicable because of the absence of capillarity. The successful ap¬ 
plication of drainage methods to Group A-2, Group A-4, and Group 
A-5 subgrades depends upon the lowering of the water table to depths 
greater than the effective capillary rise. The subsurface drainage 
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TABLE 

Typical Graoinos and Soil Constants 

V. S. PiMic 


Group 

Typical Grading 

Liquid Limit 

Plasticity Index 

A-1 

Not over 60% retained on 
No. 10 sieve 

Composition of soil mor¬ 
tar (material below No. 10 
sieve): 

Clay 6 to 10% 

Silt 10 to 20% 

Total sand 70 to 85% 

Coarse sand 
(above No. 60 
sieve) 45 to 60% 

Generally 14 to 25 

Usually less than 8; see 
curve 2, Pig. 15 

A-2 

Not less than 50% sand 

in the material below No. 10 
sieve 


Usually less than 15 

A-3 

Effective size generally 
not less than 0.10 mm 

About 10 to 35. Low 
limits indicate beach and 
other rounded sand grains; 
high limits indicate high 
degree of surface roughness 
or angularity 

Have none 

A-4 

* 

Generally 20 to 40 

Less than values of curve 
3, Fig. 15 

A~5 

Usually less than 55% 
sand 

Usually greater than 35 

Seldom greater than curve 

3 

A~6 

Usually over 30% clay 

Usually greater than 35 

Approximately equal to 
curve 4 

A~7 

Usually greater than 35 

Generally gi eater than 
curve 3 and smaller than 
curve 4 

A-8 

Not significant 

Likely to be greater than 
45 

Generally less than curve 

3 
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2 

OF Unifobm Subgrade Soil Groups 

Roads Administration 


Shnnkage Limit 

Centnfuge 

Moisture Equivalent 

Field 

Moisture Equivalent 

Generally 14 to 20 

Seldom more than 15 

Not sigmficant 

May be either theoretical or 
Bigmficant, depending upon other 
constants Unlikely to exceed 25 
when sigmficant 

Unlikely to exceed 25 

Not significant 

No significant shrinkage limit 

Unlikely to exceed 12 In 
combination with the liquid 
limit, discloses the relative 
resistance to flowing possessed 
by sands equal in aegree of 
capillarity (see Fig 15) 

Indicates porosity when 
completely saturated, in com¬ 
bination with liquid limit dis¬ 
closes degree of saturation re¬ 
quired to cause sands to have 
very small shear resistance 

Generally less than 25 In¬ 
crease in expansive properties 
of members of this group indi¬ 
cated when shrinkage limits ex¬ 
ceed 20 and approach relation¬ 
ship shown by curve 6, Fig 15 

Generally greater than 12. 
approaching values indicated 
by curve 10, Fig 15, but un¬ 
likely to waterlog, although ex¬ 
ceptions occur When greater 
than the liquid limit in absence 
of waterlogging, indicates es 
pecially unstable silts 

When approximately equal 
to ir larger than centrifuge 
moisture equivalents, indicates 
presence of expansive proper¬ 
ties in detrimental amounts 

Generally greater than 30 and 
greater than 50 for very unde¬ 
sirable members of this group 
May approach relation indicated 
by curve 6, Fig 15, for silts con¬ 
taining peat and approach rela¬ 
tion indicated by curve 7 for soils 
containinp; either diatoms or mica 
m appreciable amount 

Greater than 12 and unlikely 
to waterlog, although excep¬ 
tions occur C)ften has values 
between curves 0 and 10, Fig 
13, for clay soils containing 
sand in appreciable amount 
Likely to waterlog when exceed¬ 
ing 40 

May approach values indi¬ 
cated by curve 12, Fig 15, for 
silts containing peat in appre¬ 
ciable amount and those indi¬ 
cated by curve 13 for highly 
elastic silts containing mica or 
diatoms in appreciable amount 
May not excera those indicated 
by curve 11 for kaolins having 
good binder properties 

Unlikely to be much in excess 
of values of curve 5 

May approach values indi¬ 
cated by curve 10 for the 
highly colloidal soils, with 
venues lying between curves 9 
and 10 for day soils containing 
sand in appreciable amount 
Likely to waterlog wiien ex¬ 
ceeding 40 

May approach values indi¬ 
cated by curve 11, generally, 
but smaller when the grading 
of the colloidal clay soib of this 
group is such as to cause 
smoothed surface of soil when 
wetted to become highly im¬ 
permeable 

Flocculated soils may slightly 
exceed values of curve 6 soils 
containing mica, peat, or diatoms 
may neatly exceed values of 
curve 5, but generally less than 
curve 6, soils subject to frost 
heave have the higher values 

Generally between curves 9 
and 10 

Soils either flocculated or 
having organic matter partial¬ 
ly decomposed into the col¬ 
loidal state may have, like 
Group A-6 soils, shnnkage 
limits approaching curve 5 
Their fidd moisture eqmva- 
lents, however, are likely to be 
appreciably greater than those 
of curve 11 

Generally near, but seldom 
much greater than, curve 6 

Generally between curves 9 
and 10 

Same as Group A-5 
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of Group A-6 and Group A-7 subgrades is not possible, but surface 
methods of drainage such as ditches and gutters, tile drains at the 
junction of shoulders and wearing courses to prevent water collecting 
between the pavement and the subgrade, and oiling of the shoulders 
are effective. Drainage methods and their applications will be dis¬ 
cussed in Chapter III. 

Removal and Replacement of Defective Soils. The removal and 
replacement of unsatisfactory soils is expensive when large volumes 
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Fig. 16. Grading of good soil morlars, ropresentativc of material below No. 10 
sieve in Group A-1 subgrade soils. 

of material are involved and usually is confined to silt pockets or 
small muck or peat deposits. Sometimes large deposits of muck or 
peat in swamps or ^'sinkholes'^ are excavated and replaced with good 
material; in other cases, explosives are used to displace the muck 
which is then replaced with a fill of satisfactory soil. 

Mechanical Manipulation. The mechanical manipulation of sub¬ 
grades consists of scarifying, harrowing, and rolling and is usually 
performed in order to increase the uniformity of the upper portion of 
the subgrade and sometimes to increase the density of the soil. These 
operations usually precede the placing of wearing courses on sub¬ 
grades whose surface condition is not uniform. 

Blanket Courses. The term ^‘blanket courses” usually refers to 
rather thin layers of material placed on subgrades to distinguish them 
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from thick layers or foundations. Blanket and foundation courses 
should not be confused with replacement of inferior soils. 

Blanket courses frequently are necessary or desirable on Group 
A-3 subgrades prior to the construction of macadam wearing courses 
to prevent the soil from working uj) into the interstices of the mac¬ 
adam layer and preventing consolidation. Several materials may 
be used, depending upon their availability; they include clay, stone 
screenings, straw, marsh hay, grape vines, bank or pit gravel contain¬ 
ing considerable clay, and topsoils. 

Blanket courses on Group A-6 and Group A-7 subgrades should 
consist of fine granular material which will act as an obstruction to 
prevent the soil from working up into the interstices of macadam 
wearing surfaces. Oiling of such subgrades prior to placing blanket 
courses also is beneficial. 

Foundation Courses. Foundation courses are distinguished from 
blanket courses by their thickness, which may vary from 3 or 4 in. 
up to 2 ft or more. They may consist of porous, granular material 
(such as sand, gravel, cinders, or broken stone or slag), of dense mix¬ 
tures of granular material and cohesive material (such as sand-clay 
and sand-clay-gravel mixtures), of Portland cement concrete, of as¬ 
phaltic concrete, or of bituminous macadam. Foundation courses are 
applicable to subgrades belonging to Groups A-4, A-5, A-6, and A-7. 
The placing of thick foundation courses of granular material (gravel 
or broken stone) on subgrades which have undergone detrimental 
frost heave has produced very satisfactory results. Thicknesses of 
1 to 3 ft are advisable, and drainage of the foundation courses is an 
essential detail of construction. 

Surface Treatments. The surface treatment of subgrades con¬ 
sists of the application of a thin layer, usually of bituminous material, 
to the surface of the subgrade or of the shoulders in order to water¬ 
proof the surface and prevent softening by rains. Oiling is the most 
common method of surface treatment and has been used on earth 
roads as well as on subgrades below wearing courses. The extensive 
oiling of natural earth surfaces has been practiced in some locations 
for many years to prevent softening in wet weather and the raising 
of dust in dry weather. 

The oiling of subgrades prior to the placing of wearing courses 
has not been practiced to as great an extent as the oiling of earth 
roads, but it is increasing. The oiling of clay subgrades before plac¬ 
ing gravel wearing courses has been found effective in reducing the 
tendency of the soil to work up into the gravel layer during wet 
weather. Tar-paper coverings have been used on Group A-7 sub- 
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grades on which concrete pavements or foundations were being con¬ 
structed for the purpose of preventing moistening of the elastic soil 
by water from the fresh concrete; this practice, however, has not 
always been completely effective. 

Subsurface Waterproofing. The subsurface waterproofing of sub¬ 
grades consists of the application of a layer of bituminous material 
at some distance (usually over 12 in. and up to 3 or 4 ft) below the 
surface of the subgrade. The application may be made by loosening 
the soil and, by means of a heavy grader, transferring it from one 
side of the subgrade to the other and applying the bituminous mate¬ 
rial to half the width at a time. These treatments have been used 
on subgrades composed of soils having sufficient capillarity to cause 
appreciable frost heave in cold climates. The results in many cases 
have been disappointing when the original soil was used above the 
bituminous layer, probably because rainwater from above and ground 
water from the sides have softened the replaced soil. The utilization 
of this method in connection with blanket and foundation courses or 
in conjunction with the application of bituminous admixtures to the 
original soils, although somewhat costly, seems to possess merit and 
may warrant thoughtful consideration on many locations, particularly 
in the early steps of stage construction. 

Use of Admixtures. An ideal subgrade soil consists of a mixture 
of sand, silt, and clay, in which the internal friction provided by the 
sand and the silt, supplemented by the cohesion of the clay, furnishes 
supporting power, and the expansion of the clay, when wetted, is just 
sufficient to prevent water from entering and softening the soil. Nat¬ 
ural soil mixtures having the desired grading and binder properties 
are lacking in many locations, and admixtures of various materials 
may be used to improve the stability of these defective soils. 

The successful use of admixtures depends upon the absorptive 
properties of the soils with which they are mixed. Some soils have 
a strong attraction for air; sometimes this attraction is so strong that 
drops of rain will roll along on dry dust without wetting it. Similarly, 
other soils have a strong attraction for moisture, as, for example, 
dried clods which retain enough moisture to enable them to resist 
crushing to a very great extent. Other soils have a strong affinity for 
bituminous materials. Also, soils vary in their ability to exchange 
one adsorbed material for another. Admixtures may be classified as 
follows: 

1. Soil materials to provide the characteristics in which a given 
subgrade may be deficient. 

2. Deliquescent materials, such as calcium chloride and com- 
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mon salt, which provide moisture films of great adhesive 
strength. 

3. Materials which facilitate the replacement of adsorbed air, 
or other films with moisture or other materials having high 
adhesive strength. These materials include soaps, limes, 
pure limestone dust, and hydrated lime. 

4. Adhesive materials such as Portland cement and bituminous 
materials which bind the soil grains together and prevent the 
absorption of water. 

The relative affinity of soils for water and bitumen may be deter¬ 
mined by mixing a quantity of the soil with the bitumen proposed 
for use as an admixture, agitating the mixture in water at 140® F for 
5 minutes, and determining the percentage of soil particles which 
separate out after the bituminous film is displaced by the water. 
This test, known as a bitumen-water preferential test, has been used 
most extensively in connection with asphalt products. 

Another test for determining the value of bituminous materials 
for admixtures is known as the swell test and is conducted by com¬ 
pressing a mixture of the soil and the bitumen in a cylindrical mold 
and measuring the vertical swelling which occurs when the specimen 
(held in the mold) is placed in contact wuth water at both its top and 
bottom. The maximum swtII of a 4-in.-diametcr specimen weighing 
1000 grams should not exceed about 0.01 in. 

Admixtures are used both for surface stabilization to provide rela¬ 
tively low-cost roads for light to moderate traffic and for stabilization 
of subgrades which will support various types of wearing courses. 
The use of admixtures wdll be further described in Chapter VIII. 

Consolidation of Subgrades. The consolidation of subgrades 
ordinarily is accomplished by scarifying, harrowdng, and rolling, or 
by the action of traffic supplemented by occasional smoothing with 
blade graders or scrapers. 

The consolidation of fills of appreciable thickness formerly was 
left to nature, even on heavily traveled highways, and the construc¬ 
tion of pavements on such fills often was deferred (sometimes for 
periods as long as three to four years) until a stable condition was 
indicated by a series of levels taken over a period of time. On many 
lightly traveled land service roads this procedure now is necessary 
for reasons of cost. The artificial consolidation of fills on moderately 
or heavily traveled highways is desirable and now is commonly prac¬ 
ticed. The procedure will be described in Chapter V. 

Prevention and Correction of Slides and Slips. The failure of a 
slope in a cohesionless soil by sliding may be avoided by constructing 
a cut or an embankment so that the angle of the side slope with a 
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horizontal plane is greater than the angle of repose of the soil, and by 
protecting the slopes from erosion and the penetration of water. A 
slope in a cohesionless soil may be of any height provided that the 
angle of repose is not exceeded. The failure of a slope (in either a 
cut or an embankment) in a cohesive soil occurs when the shearing 
strength of the soil resulting from both internal friction and cohesion 
is overcome. The slope of a cohesive soil is limited in height. Slides 
in cuts are prevented by limiting not only the angle but also the 
height of slopes. Terracing sometimes is practiced to control the 
height of slopes, and erosion control always is important. Slides in 
embankments are prevented by several means including the con¬ 
struction of the embankments with satisfactory soil, artificial com¬ 
paction, designing the slopes to withstand the shearing forces • in¬ 
volved, and adopting appropriate measures for the control of erosion. 

The existence of conditions favorable to slips usually is mani¬ 
fested by movement of soil layers but may be determined by means 
of borings over the suspected area. Treatments for the prevention 
of slips include (1) drainage of the slip plane by intercepting the 
water before it reaches the slip plane, (2) roughening the slip plane 
by blasting, (3) driving piles at the toe of slopes, and (A) construct¬ 
ing retaining walls at the toe of slopes. Drainage of the slip plane 
sometimes is difficult, especially if the upper soil layer is porous up 
to the ground surface and embraces a large area, and several inter¬ 
cepting drains may be needed. Piling is not always effective but has 
been successful in some locations. Retaining walls are usually effec¬ 
tive if the height and length of the material held is not too great; 
drainage of retaining w'alls is essential. 

Control of Erosion. Various devices employed to reduce the ero¬ 
sion of soils include intercepting ditches, the paving of ditches, gut¬ 
ters, and spillways, the selection of suitable materials for fills, the use 
of pipe drains in place of ditches, the oiling of shoulders, the placing 
of riprap on banks, and the seeding and sodding of slopes; they will 
be further described in Chapter IV. 

Miscellaneous Methods. Various other methods for stabilizing 
subgrades include heating of the subgrade soil and electrochemical 
treatment. Their application thus far has been very limited. 
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CHAPTER III 


DRAINAGE 

Water reaches roadways principally by the precipitation of rain 
and snow on the road area and by the flow of surface waters from 
adjacent lands, but also by the overflowing of watercourses and by 
percolation through the soil. The removal of surface w^ater is known 
as surface drainage and is accomplished by means of crowned road 
and street surfaces, shoulder and sidewalk slopes, side slopes, ditches, 
gutters, and pipe drains. The removal of water percolating tlirough 
the soil (i.e., ground water) is knowm as underdrainage and is accom¬ 
plished by means of ditches, blind drains, and tile drains. Both sur¬ 
face water and ground water must be carried to outlets, which may 
be either natural or artificial \vatercourses or lakes. When w^ater- 
courses intersect the roadway, bridges or culverts must be used to 
carry them beneath the travel surface; watercourses and the bridges 
and culverts across them are sometimes described as cross-drainage. 

DITCHES AND GUTTERS 

No standard distinction betwTen ditches and gutters has been 
adopted, and most people consider a gutter to be a shallow^ ditch; 
sometimes paved ditches are called gutters. 

Side Ditches for Surface Drainage. Side ditches are used along 
the roadw’ay in cuts and on ground that is comparatively level, and 
sometimes adjacent to embankments to prevent roadwater from flow¬ 
ing over cultivated or otherwise improved land. Ditches usually are 
V-shaped or trapezoidal in cross-section, the former being generally 
preferred because they can be both constructed and maintained by 
means of blade graders. The sides of ditches should have flat slopes 
because of their safety and also because they may be more easily 
and economically mowxd by either team or power mowers. Minimum 
slopes of 4 horizontal to 1 vertical are desirable for through highways, 
and many primary state highways are constructed with much flatter 
slopes. The use of wide, deep side ditches for carrying large volumes 
of surface water is not good practice on account of the hazard to 
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traffic and possible damage to the roadway | when the water cannot 
be diverted into cross-drainage channels, it is desirable to obtain ad¬ 
ditional right-of-way and place the ditch as far as possible from the 
roadway. This procedure often is impracticable on secondary county 
roads and land-service roads, and the only safe alternative consists 
of installing substantial guard rails and using as flat a slope as pos¬ 
sible on the adjacent roadway and shoulders. 

Side Ditches for Underdrainage. Deep side ditches have been 
used for the underdrainage of subgrades but are not good practice for 
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tlie roabons previoubly stated, m addition, particularly if the exca¬ 
vated earth is not needed for embankment, they frequently are more 
costly than tile drains. 

Intercepting Ditches. Intercepting ditches are used on natural 
slopes to prevent erosion of the artificial slopes in cuts and to relieve 
side ditches and pipe drains. Trapezoidal cross-sections are used, 
and the excavation usually must be done by hand labor. 

Paved Ditches and Gutters. Paved ditches and gutters are used 
to prevent erosion of the soil. Concrete, and cobblestones set in mor¬ 
tar, are most widely used. A 5- or 6-in. thickness of concrete is usu¬ 
ally sufficient; expansion and contraction joints are desirable, and 
reinforcement dowels at expansion joints are frequently used. 

Ditch Checks. For economic reasons, ditch checks often are in¬ 
stalled for preventing scour in ditches instead of using pipe drains 
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or paved ditches. Concrete and creosoted lumber ate most commonly 
employed for this purpose A typical creosoted lumber ditch check 
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Curbs and Gutters. The combination concrete curb and gutter, 
illustrated in Fig. 19, is widely used on urban streets to carry off sur¬ 
face water and to provide a pleasing border between the traveled 
surface and the sidewalk or side area, but it is not suitable for use 
on rural highways because it may cause accidents, particularly at 
night. The lip curb, constructed monolithically with concrete pave¬ 
ments, is satisfactory for rural highways; it is illustrated in Fig. 20. 
A shallow V-shaped concrete gutter also is used adjacent to concrete 
as well as other types of pavements. These types of gutters do not 
create traflSc hazards and are widely used in both cuts and fills to 
prevent erosion; they also reduce the amount of excavation in cuts 



in comparison with ordinary sections. There is some difference of 
opinion in regard to the necessity of widening pavements constructed 
with monolithic lip curbs; the actual reduction in the traveled width 
is not great, and, when the traffic lanes arc 10 ft in width, the neces¬ 
sity of widening may be questionable; when the width of the traffic 
lanes is 9 ft, however, widening equivalent to the width of the lip 
curb would appear to be desirable. The driveway section of the com¬ 
bination concrete curb and gutter, shown in Fig. 19(6), could be used 
as a separate curb and gutter for rural highways; this section can be 
modified for widths of 9 in. to 24 in. The use of gutters adjacent 
to the pavement on rural highways requires spillways or inlets for 
removing the water quickly. The use of paved spillways at intervals 
along embankments creates hazards to vehicles which run over the 
curbs onto the shoulders; warning signs are usually placed on such 
locations. 


PIPE DRAINS 

Pipe Drains. Pipe drains, or storm sewers, are widely used for 
removing surface water and are desirable for carrying the water along 
roadways when sufficient widths of right-of-way are not available for 
suitable ditch construction. Vitrified clay tile and sewer pipe and 
concrete sewer jiipe are most desirable; occasionally soft-burned clay 
tile (farm tile) are used. Sewer pipe is preferable to tile with fully 
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straight sides because tiie joints can be calked to prevent the entrance 
of silt and roots; tile is used because of its lower cost and in firm 
soils may be entirely adequate; however, the upper half to two-thirds 
of the joints should be covered with tar paper to prevent silt from 
entering. Sofb^burned clay tile should never be used above the frost 
line. 

Corrugated metal pipe sometimes is used for pipe drains in soils 
where settlement may occur. All sections of corrugated metal pipe 
should be connected with metal bands. 

Inlets^ Catch Basins, and Manholes. Inlets are the openings from 
gutters or ditches into pipe drains or culverts and are of various 
types. The inlet from a ditch into a ])ipe drain along a rural high¬ 
way may consist merely of a straight or V-shaped concrete headwall 
with or without a paved approach. Drop inlets are used where the 
water from a gutter or ditch must be discharged into a drain or a 
culvert at a lower elevation. 

Catch basins or manholes usually are circular in shape and gen¬ 
erally are connected with drop inlets of pipe drains. Long pipe drains 
should have manholes at intervals of 500 to 600 ft to facilitate inspec¬ 
tion and cleaning. .Catch basins or manholes with ^‘drop bottoms” 
to serve as collectors for sand and silt are sometimes recommended 
for pipe drains connected with rural highw’^ays; the necessity for this 
type of catch basin, in the author’s experience, is infrequent, and, if 
possible, attempts should be made to ])lace pipe drains with sufficient 
fall to make them largely sell-cleaning. An exceedingly large main¬ 
tenance force would be necessary after rains if much sediment col¬ 
lected in catch basins unless the drop bottoms were made extremely 
deep. There are, of course, locations where the drop-bottom type of 
catch basin is warranted on account of grades and soil conditions, 
but paving of gutters and ditches may avoid the necessity of frequent 
cleaning. 

Blind Drains for Underdrainage. Blind or French drains consist 
of trenches filled with coarse gravel or broken stone. Large pieces 
of broken stone or gravel (3 to 6 in. in diameter) are placed in the 
bottom of the trench and are covered with smaller pieces (above 
%-in. diameter). Blind drains are not as effective as tile drains but 
may be less costly when suitable materials are available; they are 
effective for small quantities of water. 

Tile Drains for Underdrainage. Soft-burned clay tile (farm tile) 
formerly was used almost exclusively for underdrainage because it 
was believed that a large amount of water entered the drains through 
the porous walls of the pipe. Most of the water enters pipe drains 
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through the joints between the ^sections of pipe, and the only reason 
for using unglazed clay tile is its cost. Some unglazed or medium- 
burned tile that is almost as good as vitrified tile is obtainable in 
some locations. The softer grades of unglazed farm tile should not 
be used if they are to be placed above the normal frost line. Con¬ 
crete tile is widely used and is satisfactory if the concrete is of 
good quality. Weak, porous concrete disintegrates when subjected 
to frost action. Perforated metal pipe also is used for underdrains. 

The pipe for pipe underdrains should be laid carefully after a 



layer of gravel or crushed stone has been placed in the trench to. a 
depth of 1% to 2 in. The trench then should be backfilled with 
coarse stone or gravel (% to 3 in. in diameter) to witliin 6 or 8 in. 
from the top. The top of the trench usually is covered with part of 
the material excavated from the trench. When gravel and stone are 
costly, coarse sand sometimes is substituted but is not as effective. 
When sand is used for filling or when there is danger of fine-grained 
soil entering the pipe from the sides of the trench, the upper two- 
thirds of the pipe joints should be covered with strips of tar paper. 

Use of Underdrainage. Free water in subgrades occurs either as 
flow through a permeable soil overlying an inclined layer of impervi¬ 
ous soil or as storage water having a level water table. The first con¬ 
dition occurs in areas where the soil layers are inclined as in rolling 
or hilly territory, and the water may often flow under a head. In¬ 
clined seepage often is observed in cuts where the excavation has cut 
through a water-bearing layer of soil. The second condition is found 
in level areas and may occur near swamps or other bodies of water 
or in areas of considerable rainfall where the outlet is high. Capil¬ 
lary rise through the overlying soil may occur in both cases. 
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Inclincrl seepage may be intercepted by placing a pipe drain in 
the path the flowing water. A typical interception of inclined 
seepage which flows across a road is illustrated in Fig. 21. It is ex¬ 
tremely important that the bottom of the dram extend into the im¬ 
pervious layer and that the trench above the pipe be backfilled with 
granular material If the surface water carries silt, it is essential 
that the top of the back-filled trench be sealed with impervious ma¬ 
terial. Inclined seepage may flow parallel to the axis of the road, 
and it then is necessary to construct a transverse pipe drain across 
the road at a point where the water can be intercepted without dam- 



Fig 22. LowtTing of lc\el water table by undordrainage 

age above the drain .location; side drains also are usually necessary 
to carry off the water. 

The drainage of level water-table areas depends upon the avail¬ 
ability of outlets and is usually accomplislied by placing two pipe 
drains, one on either side of the road, as shown in Fig 22. Sometimes 
one pipe drain is placed under the center of the roadway, but it is 
not as effective as two side drains and requires tearing up the road¬ 
way if any repairs become necessary. 

CULVERTS 

A culvert is a drain or conduit for carrying surface water beneath 
a roadway; it differs from a bridge, which is a structure for carrying 
a roadway over a watercourse or a ravine. Sometimes a culvert is 
used in place of a bridge across narrow streams or across wide, shal¬ 
low streafais; multiple-opening culverts frequently are used in the 
latter cases. Bridges also are defined as structures having separate 
substructure and superstructure, whereas the substructure and super¬ 
structure are combined in culverts; this differentiation is not entirely 
true, because a metal arch culvert may be constructed on a concrete 
foundation, and the substructure and superstructure may be partially 
combined in a reinforced-concrete rigid-frame bridge. Some highway 
organizations differentiate between culverts and bridges on the basis 
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of the span lenpjtli, 6 to 12 ft beinj; commonly taken as the dividing 
line. 

Numerous materials are used for culverts, and shapes of openings 
are \arious. 

Pipe Culverts. Vitrified clay sewer pipe, concrete sewer and cul¬ 
vert pipe, cast-iron water pipe, corrugated cast-iron pipe, and corru¬ 
gated sheet metal pipe are used for pipe culverts. 

Clay and Concrete Pipe Culverts. Vitrified clay sewer pipe and 
concrete sewer pipe conforming to the requirements of the American 
Society for Testing Materials usually is specified for culvert purposes 
(in the larger sizes, this calls for the class of clay sewer pipe known 
to the trade as “double-strengthpipe). A standard specification for 
reinforced-concrete culvert pipe has been adopted by the American 
Society for Testing Materials; concrete culvert pipe usually is made 
with tongue-and-groove ends rather than bell-and-spigot ends, like 
sewer pipe. The joints of clay and concrete pipe culverts are gener¬ 
ally filled with Portland cement mortar. 

Cast-Iron Pipe Culverts. Cast-iron water pipe with bell-and- 
spigot joints, lock-joint, and corrugated cast-iron pipe are used for 
culvert purposes and possess the advantages of long life and strength. 

Riveted Metal Pipe Culverts. Corrugated sheet metal culvert pipe 
is made from five grades of base metal known as pure iron, copper¬ 
bearing pure iron, copper iron, copper-molybdenum iron, and copper 
steel. The manufacturers of pipe made from the various grades of 
iron claim that the purity of the iron or the alloying ingredients in¬ 
creases the resistance of the iron to corrosion; opinion on this subject 
is divided, however. 

Riveted sheet metal culvert pipe is manufactured in sizes up to 
72 or 84 in. in diameter and in lengths which are in multiples of 2 ft; 
the maximum length depends upon the method of transportation of 
the pipe from the fabricating plant to destination; railroads will ac¬ 
cept lengths of the small diameters up to 22 or 24 ft but require 
shorter lengths as the diameters increase. 

Corrugated metal pipe intended for locations where it may be 
subject to erosion by sand and gravel carried by swiftly moving water 
can be obtained with an asphalt covering over one-half of the interior 
surface. 

Sections of riveted corrugated metal pipe are joined together by 
bands of the corrugated metal which are held together by bolts. Con¬ 
necting bands are not less than 7 in. wide for 30-in. and less diam¬ 
eters, 12 in. wide for 36- to 48-in. diameters, and 24 in. wide for 
diameters above 48 in. 
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Bolted Metal CiiLYerts. Corrugated metal plates of heavy gauges 
are used to fabricate circular or semicircular culverts on the job for 
diameters from about 90 to 150 in. and for arch spans up to about 
30 ft. These plates are manufactured by the makers of corrugated 
sheet metal for riveted pipes and may be obtained in the various base 
metals. The plates are held together by galvanized bolts having 
specially shaped heads or washers to fit the corrugations. Galvanized 
plates, to which the curved plates may be attached, may also be ob¬ 
tained to serve as floors and aprons for arch culverts. More fre¬ 
quently, however, arch barrels are supported on concrete pedestal 
abutments in the tops of which galvanized angles or special channels 
are embedded or attached by means of bolts to hold the edges of the 
metal plates. This type of culvert is quite expensive in the larger 
sizes but possesses tlie distinct advantage of being rapidly installed. 
One of its applications for circular shapes is in locations where foun¬ 
dation conditions for small bridges do not furnish high supporting 
strength for abutments; it is not advisable, of course, to undertake 
such construction under extremely unfavorable conditions, but it 
offers a practical means of carrying traffic over many inferior narrow 
stream beds, particularly on light-traffic roads. 

Concrete Box and Arch Culverts, Concrete box culverts are ex¬ 
tensively used by some highway organizations for spans of 3 to 8 ft. 
They have reinforced tops, and the sides and bottoms are either plain 
or reinforced Concrete arch culverts are generally used under high 
fills because they are more economical than box culverts of equal 
strength. Concrete box and arch culverts are adaptable to new road 
construction where time is not an extremely important factor, but 
they are not so adaptable to replacements of existing culverts or new 
installations on roads over which traffic must be maintained, on ac¬ 
count of the time and cost involved in formwork and time necessary 
for curing the concrete. The use of high-early-strength Portland 
cement overcomes this disadvantage to a large extent. 

Masonry Arches. Stone masonry arch culverts formerly were used 
to a large extent where good stone was available at low cost but are 
rarely constructed now on account of their high cost compared with 
concrete or heavy corrugated metal. If desired for appearance, a 
concrete or metal barrel may be used with stone masonry headwalls. 

Timber Culverts. Timber is not employed very extensively for 
culverts, although it is used to some extent in areas where its cost is 
low; timber culverts are usually of the box type, and the timber is 
creosoted. 
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Length of Culverts. The length of culverts should never be less 
than the distance between the outside shoulder lines and will depend 
to a large extent upon the height of earth above the culvert. Gener¬ 
ally, it is more economical to lengthen the barrel of small culverts 
than to build large hcadwalls, but the cost of each can be calculated 
ill any case to determine the most economical design. 

Headwalls. Concrete headwalls are used to the greatest extent 
for pipe, concrete, and metal arch culverts. Stone masonry headwalls 
are frequently employed to enhance the appearance of culverts, par¬ 
ticularly with pipe and arch culverts. Metal hcadwalls are sometimes 
used with riveted corrugated metal pijie culverts and also with cir¬ 
cular bolted metal pipe culverts; they possess the advantages of quick 
installation and of being salvaged when replacement is necessary or 
when the location of a culvert is to be changed. 

Headwalls frequently are necessary to prevent erosion at the ends 
of culverts, but they are used in many locations largely for the sake 
of appearance. Headwalls form a large portion of the cost of cul¬ 
verts and may be eliminated in many locations by using riprap or 
by lengthening the barrel of pipe culverts on both Ciids or on the dis¬ 
charge end. 

Paving of the channel at tlie discharge end of pipe culverts is 
often necessary to prevent excessive erosion; a concrete apron or 
riprap usually will serve the purpose. 

Area and Shape of Waterway Opening. The area and shape of 
the vaterw^ay opening of culverts depend upon the volume and the 
rate of flow of the water, upon the shape of the natural channel, upon 
the height available, and other physical characteristics of the site. 
Visual evidence at the site, such as previous high-water marks and 
observation of the flow during periods of high water, supi)lemented by 
information from local residents, will often be sufficient to determine 
the necessary area of the opening. 

Several formulas, developed to serve as guides in determining the 
area of waterway openings, are useful where definite information 
relative to the volume of water is not available. These formulas may 
be conveniently classified into two groups: in the first group the cal¬ 
culation is based on the drainage area; in the second group the 
formulas take into consideration rainfall data in addition to the 
drainage area. Talbot's formula is the most widely used in the first 
group; it is: 

a = (5) 

in which a = the area of the waterway opening, in square feet. 

A = the drainage area, in acres. 
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c « a constant depending upon topographical and climatic 
conditions. 

The constant c is usually selected as the result of experience in a par¬ 
ticular locality. Average values of c are recommended as follows: 

c * % to 1 for mountainous or very hilly country, 
c * for rolling country, 
c = K to for flat country. 

The Burkli-Ziegler formula is representative of formulas that take 
runoff into consideration: 

Q = cAR^ ( 6 ) 

= the quantity of water that reaches the culvert, in cubic 
feet per second. 

= the average rainfall during the heaviest fall, in cubic feet 
per second per acre (1 in. of rainfall per hour may be 
taken as equal to 1 cu ft per sec per acre). 

= the average slope of the ground comprising the drainage 
area in feet per 1000 ft. 

= the drainage area, in acres. 

= a constant which depends upon topographical and cli¬ 
matic conditions. 

The following average values for c are commonly recommended: 

c = 0.20 to 0.25 for rural areas, 
c = 0.30 for municipal areas with macadam strec'ts. 
c = 0.025 for municipal residential ar(*as with paved stn'cts and 
other areas not fully built up. 

c = 0.75 for municipal areas with fully built up business blocks 
and paved streets. 

The sizes of pipe and box culverts reejuired for various quantities 
of water may be determined from the diagrams in Figs. 23 and 24. 

BRIDGES 

Bridges carry roadways over streams, large depressions in the road 
(such as ravines), railroads (railroad grade separations), and other 
highways (highway grade separations). Bridge structures frequently 
are described as consisting of a substructure, or foundation, and a 
superstructure. 

Substructures. The principal bridge substructures are abutments, 
piers, and trestle bents. The several types of abutments include con¬ 
crete gravity abutments, rein forced-concrete abutments, caissons, and 
pile bent abutments. Concrete gravity abutments are seldom used on 
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Fig. 24. Diagram for determining the size of a box culvert required to carry a known quantity of water under a given head foi 
lengths of 50 to 500 ft. Culverts with straight endwall entrances. {University oj Iowa Engineering Studies, Bid. 1,) 
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account of their high cost in comparison with reinforced-concrete 
abutments. The latter usually are of the cantilever type, but counter¬ 
fort abutments are frequently used for high foundations. Caissons 
are a special type of abutment or pier which are suitable where great 
depths of soft soil are encountered; they consist of circular or rec¬ 
tangular sections of steel or concrete which arc built up and lowered 
into place or sunk by weighting and excavating. Since bridge foun¬ 
dations may easily represent the major portion of the cost of bridges, 
particularly where soils are unfavorable, economy of construction 
demands very careful attention to foundation design. Pile bent 
abutments offer many opportunities for effecting economies in the con¬ 
struction of small bridges on light- to medmm-traffic roads; they con¬ 
sist of timber or steel piles sup])orting a concrete bridge seat and 
are generally located at or near the toj) of the stream banks. They 
are particularly adaptable to I-beam bridges; protection against scour 
often is secured by rijirapiiing the stream banks adjacent to the abut¬ 
ments. 

Timber Bridges. Ocosoted timber bridges are built in locations 
not too far from sources of supply of timber on acc 'imt of their low 
cost and the rapidity \\ith which they may be -‘onstructed. The 
beam type of timber bridge is constructed almost to the total exclu¬ 
sion of other typos, and steel beams and concrete floors are commonly 
employed to increase the useful life. 

Concrete Slab Bridges. Concrete slab bridges consist of a rein¬ 
forced-concrete slab supported directly on the abutments or on abut¬ 
ments and piers, although multii)le-si)an slab bridges are seldom built. 
They are economical for short spans only, the limiting length seldom 
exceeding 16 ft. 

Concrete Beam and Girder Bridges. (Concrete beam bridges of 
the T-beam type occupy an intermediate place between the concrete 
slab and concrete girder types. 

Concrete girder bridges, which may be cither of the deck or 
through type of design, consist of main longitudinal beams (called 
girders), transverse beams, and the floor slab. The transverse beams 
sometimes arc omitted in narrow through girders (18- to 20-ft road¬ 
way widths) but are an essential feature of bridges designed for safe 
widths and heavy loads. The through type of girder is objectionable 
on account of the appearance of the heavy girders at the sides, but 
the deck girder presents no difficulties in design to obtain a satisfac¬ 
tory appearance. Concrete girder bridges are usually built in span 
lengths of 20 to 50 ft, although some longer spans have been con¬ 
structed. 
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I-Beam Bridges, I-beam bridges are very commonly used for 
spans varying from 10 to 60 ft, the span length being controlled by 
the maximum size of beam which can be rolled. The low cost of 
these bridges, together with the fact that shoring is unnecessary, has 
made them extremely popular; their principal objection is the need 
for periodical painting of the I-beams. 

Rigid-Frame Bridges. Rigid-frame, reinforced-concrete bridges, 
on account of their economy and adaptability to various architectural 
treatments, are favored for many locations on rural highways and 
municipal streets. 

Plate-Girder Bridges. Plate-girder bridges may be of either the 
through or deck types and arc adaptable to long and deep crossings. 
In general, they are limited to spans of 60 to 100 ft. 

Steel Truss Bridges. Steel truss bridges are of three types, the 
low steel truss without overhead bracing, the high steel truss with 
overhead lateral bracing, and the deck truss which carries the road¬ 
way on the top chord. The low steel truss has a rather limited ap¬ 
plication to span lengths of about 60 to 100 ft; frequently it is used 
in place of plate girder bridges where insufficient headroom is avail¬ 
able for the deck girder type of design. The deck truss is used on 
high bridges where the elimination of the overhead steel is desirable 
on account of appearance. 

The high steel truss is one of the most frequently used types of 
bridges for long spans, is economical, and, when care is exercised in 
design, presents a satisfactory appearance in many locations. It is 
economical for span lengths as low as 100 ft, and, with cantilever- 
truss supports, is used for extremely long spans. This type of bridge 
is adaptable to multiple-lane roadways and frequently serves com¬ 
bination railway and highway purposes. 

Arch Bridges. Arch bridges, of reinforced concrete or steel, are 
widely used on account of their pleasing appearance. For long spans 
they frequently are less costly than other types of bridges. Two con¬ 
ditions are essential for arch construction—good foundations and 
sufficient headroom. 

Arch bridges are built in span lengths varying from a few feet to 
several hundred feet. Notable examples of long steel arch spans are 
the Bayonne Bridge in New Jersey, having a span of 1652 ft, and the 
Sydney Harbor Bridge in New South Wales, having a span of 1650 ft. 
Long-span concrete arch bridges have been constructed in Europe, 
the most outstanding example being the Albert Ixuippe Bridge over 
the Elorne near Brest, France, consisting of three arch spans, each 
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612 ft from center to center of the supports, and designed by the 
eminent French engineer, E. Freyssinet. 

A type of bridge known as a cantilever arch bridge sometimes is 
constructed when foundation conditions are unsatisfactory for a struc¬ 
tural arch; this type of bridge is not an arch bridge except in shape 
and consists of a cantilever truss, shaped like half of two arches and 
producing the architectural effect of an arch on multiple-span bridges, 
usually of comparatively short span length. An outstanding example 
of this type of bridge is the vehicular bridge connecting the city of 
Detroit with Belle Isle in the Detroit River; the foundations of this 
bridge were constructed on gravelly soil which was not considered 
satisfactory for true arch construction. 

Suspension Bridges. Suspension bridges have been used on rural 
highways only in rare cases because of their high cost. In general, 
they are adaptable only to long spans and are resorted to in locations 
where the construction of piers for supporting otlier bridge types of 
shorter spans is iinjiracticablc. 

Movable Bridges. Movable bridges are ii^ed rm highways and 
streams crossing navigable waters. Swing bridges, supportc^d on a 
central pier on which tliey rotate, are slow and unwieldy and, unless 
very carefully protected, constitute a dangerous hazard; the high 
steel truss is most widely used for this tvi)e of movable bridge. 
Bascule bridges are rapid in operation, arc adaptable to wide road¬ 
ways, have minimum interference with water traffic, and, when prop¬ 
erly designed, have a pleasing appearance; tiny may consist of a 
single leaf or two leaves, meeting in the center, dei)(‘nding upon the 
siian length. Lift bridg(*s are rais(*d vertically and are adaptable in 
many locations because of limited water clearance; they are much 
less common than bascule bridges. 

Bridge Floors. Bridge floors are of many types. Concrete floors 
are extensively used on concrete beam and concrete girder bridges, on 
steel beam bridges, on steel and concrete arch bridges, on steel truss 
and plate girder bridges, and on concrete slab and rigid-frame bridges. 
Bituminous and block types of wearing surfaces often arc placed on 
concrete slab foundations, particularly under extremely heavy traffic 
conditions, and may be renewed without long periods of interference 
with traffic. Timber plank floors are suitable for timber and steel 
bridges but should be restricted to light-traffic roads and streets; creo- 
soted timber should be used for subfloors but is not generally adapted 
to floors for wearing surfaces unless steel traffic plates are employed. 
Asphalt plank floors are ejuite coiuiiioii but have given trouble from 
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slipperiness and therefore are not very satisfactory on bridge floors 
which have horizontal grades. 

Steel plate floors are found to a limited extent on steel bridges and 
are secured to the steel floor beams by welding. The economy of this 
type of floor is questionable in most instances. 

Figure 25 illustrates a steel grid which is used for bridge floors and 
which is composed of steel T-sections welded together and reinforced 
with cross-members welded or pressed into slots; it generally is fabri- 



Fig. 25 Vil)iatm^i; concifto into jihui on a stool p.iui flooi 


cated into sections 4 ft in width. The grid is plug-welded to the floor 
stringers and then is filled with a rich, stiff concrete wdiich should be 
vibrated into place. The concrete sometimes is placed flush with the 
surface of the grid, but a better api)earance can be secured and suit¬ 
able crown obtained by placing from % to in of concrete over 
the top of the grid. This type of floor is rather expensive, but the 
author has found it particularly adaptable to the reconstruction of 
old bridges which were of too light construction to support a rein- 
forced-concretc slab without seriously decreasing the safe carrying 
capacity of the bridge. 

Steel bridge floors on steel bridges are sometimes of open-mesh 
types in order to effect savings in the w^eight of floor systems. Such 
floors also possess the advantages of having a non-skid surface and of 
being self-draining and self-cleaning; the latter features are of im¬ 
portance in regions where snow is prevalent. 






BRIDGES 


59 


Bridge RailSi Curbs, and Sidewalks. Railings, curbs, and side¬ 
walks are important features of bridges from the viewpoints of utility, 
safety, cost, and appearance. 

Concrete masonry railings, if properly designed, are satisfactory 
on concrete bridges of short span. The Illinois Division of Highways 
has constructed some bridge railings of combination concrete and 
brick masonry which arc pleasing in appearance as well as substan¬ 
tial. Heavy wrought-iron pipe rails, set in concrete posts, are very 
satisfactory for small concrete or steel beam bridges which are not 
high above the water. 

Precast concrete spindle railings arc used extensively on concrete 
bridges; when properly designed and constructed, they })resent a very 
pleasing appearance. Precast concrete planks sometimes arc used for 
low’ short-span concrete bridges. 

Various types of steel railings are used on both steel and concrete 
bridges. The steel lattice rail common on steel truss bridges is a 
satisfactory railing if made of sufficiently heavy material and so 
located that it is not easily damag(‘d. Structural steel railings with 
vertical members combined with a pleasing toj) treatment are among 
the most satisfactory types for deck bridges of oitlaT concrete or steel 
construction. 

Wooden railings are used on timber bridges and, to a limited ex¬ 
tent, on small steel bridges having timber floors. 

Curbs are necessary features of bridges to protect railings and 
structural units above the floor level. Timber curbing is used on tim¬ 
ber bridges or on bridges having timber floors; painted curbs are 
desirable and are mounted on scupper blocks to permit drainage. 
Concrete curbs provided with drainage openings are most widely 
used; they should be very carefully designed so that vehicle wheels 
will not tend to climb over them or hubcaps catch on the upper edges 
of the curbs. 

Sidewalks are an important part of bridges on municipal streets 
and in some rural areas. Concrete sidcw^alks are desirable, and it is 
best for them to be definitely separated from the roadw^ay by means 
of railings. 

Bridge Clearances. Tlie width of bridges should be sufficient for 
the passage of two vehicles; the American Association of State High¬ 
way Officials recommends a minimum roadw^ay width of 18 ft. Short 
bridges should be at least 6 ft wider than the width of a two-lane 
roadway, and often they are wider. A minimum vertical clearance of 
14 ft is recommended for bridges with overhead bracing by the Amer¬ 
ican Association of State Highway Officials. 
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Bridge Location and Approaches. The speed and volume of rural 
highway traffic require care in the location of bridges and the <lesigii 
of the approaches. Locations at or near sharp curves should be 
avoided if at all possible, and steep gradients are undesirable. Faint¬ 
ing the superstructure of steel bridges a light color is very helpful, 
and signs or outline markings having reflector sign buttons are useful 
for bridges at which the portals are somewhat obscured. Guard-rail 
approaches painted white or light yellow are advisable, and end posts 
or ends of railings of long bridges should be protected by heavy posts 
to prevent damage by vehicles. 

Determination of Span and Waterway Opening. The physical 
contour of the ground will determine the length and height of bridges 
to be built across ravines without large flowage of water and across 
waterways with banks which are much higher than high water. Ordi¬ 
nary watercourses generally flow in well-defined channels, and high- 
water elevation usually can be determined from marks on the channel, 
on trees and poles, and from recorded observations or from informa¬ 
tion furnished by local residents. After the height of the waterway 
opening is determined, the span length usually is fixed by the ground 
contour. Small watercourses at times are very deceptive, and a thor¬ 
ough examination of all possible evidence bearing on the height and 
volume of high water often will repay itself many times; some water¬ 
courses naturally carry a large amount of debris at some w^ater stages, 
and the design of the waterway opening to prevent clogging may be 
important. The determination of the drainage area of small streams 
may be desirable, but ordinarily this determination is unnecessary if 
a thorough study of water conditions at the site is made. 

Reconstruction of Old Bridges. Many opportunities of effecting 
economies often exist in the reconstruction of old bridges. Large 
numbers of steel bridges w^re built in some sections of the country 
prior to or early in the motor-vehicle period, and though most of 
these structures on main routes have been replaced or rebuilt, many 
of them still remain on purely local roads and often may be recon¬ 
structed at much less expense than by removing or replacing. Steel 
bridges offer the greatest opportunities; floor beams can be strength¬ 
ened by welding plates on the bottoms (or both tops or bottoms), 
stringers and cover plates can be replaced, and numerous other parts 
of the structure can be improved. The construction of new floor sys¬ 
tems often presents difficulties in regard to load capacities, but some 
of the light-weight floorings which have been described often will 
make reconstniction feasible. 
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Maintenance of Highway Bridges. The need for thorough main¬ 
tenance of bridges should be apparent, but no item of road mainte¬ 
nance is more neglected in some areas. One of the most important 
items of bridge maintenance is the periodical cleaning of bridge seats 
to prevent the corrosion of connections and interference with expan¬ 
sion and contraction. Steel bridges or exposed steel bridge parts 
should be repainted at intervals after thorough cleaning; under favor¬ 
able conditions steel bridges will require repainting about every six 
to eight years. Drainage of floors and of abutments should be kept 
open, and minor repairs should be made promptly. 

Steel bridges wiiich have been neglected for many years are diflS- 
rult to clean for repainting, and many times, when heavy rust coat¬ 
ings are present, it is questionable whether the expense of thorough 
cleaning and repainting is justified unless the structure is large. The 
only satisfactory cleaning in such cases is secured by means of a 
sandblast; it is essential that the prime coat of paint follow immedi¬ 
ately after sandblasting. 

LEGAL LIMITATIONS RELATIVE TO HIGHWAY DRAINAGE 

Drainage of Surface Waters, The highway engineer engaged in 
the improvement of a rural highway is always confronted with the 
problem of drainage, particularly with reference to surface waters 
which fall directly on the highway or which reacli the highway from 
adjacent property. Laws relating to the drainage of surface waters 
and in regard to natural watercourses and lakes and ponds vary in 
the different states, and the highway engineer and highway official 
must be familiar with the laws in his state in order to provide for 
effective drainage and to avoid disputes with the owners of adjacent 
and other lands affected by changes in drainage. 

Additional Right-of-Way. The construction of bridges, ditches, 
and drains frequently involves the permanent or temporary use of 
land outside the limits of the highway right-of-way, and arrange¬ 
ments with property owners who are involved should always be made 
l)rior to construction. 

Bridges over Navigable Waterways. The construction of bridges 
over navigable waterways in the United States requires the approval 
of plans by the U. S. War Department. 

Special State Requirements. Some states, by law, require bridges 
and culverts to meet specific requirements relative to load capacity, 
width, and other features. Some state laws also require highway 
departments to erect warning signs at or near bridges which are 
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narrow, have low clearances, or have carrying capacities below a defi¬ 
nite standard. 
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CHAPTER IV 


GENERAL FEATURES OF HIGHWAY DESIGN 

The design of highways and streets embraces various general fea¬ 
tures of width and alignment, grades, intersections, grade separations, 
drainage, and miscellaneous structures. The design of drainage sys¬ 
tems and structures was discussed in Chapter III. 


WIDTH AND ALIGNMENT 

The selection of the width of highways and streets involves the 
determination of the width and number of traffic lanes, the width of 
shoulders, the width of parking strips, the width necessary for ditches, 
gutters, drains, and public utility serviccvs, the width of sidewalks, 
and the width of dividing ‘strips. 

Traffic Lanes. Two ordinary jirivate passenger vehicle-^ traveling 
at slow or moderate speeds can pass each other safely on a roadway 
width of 16 ft; high speeds and larger vehicles require greater widths. 
Most state law's limit the gross width of motor vehicles to 8 ft, and a 
width of 9 ft, which provides at least 2-ft clearance hetw'cen passing 
trucks or busses of maximum width, therefore may be considered as 
the minimum desirable wddth of a traffic lane, and is suitable for roads 
and streets w'hich carry only a small proportion of truck and bus 
traffic and on w'hich traffic does not move at high s])eeds. Ten-foot 
widths are suitable for moderately heavy-traffic roads and streets; 
11-ft w'idths are used for heavily traveled rural highways and streets 
on which the traffic moves at high speeds. Increasing the width of 
traffic lanes beyond 11 ft has the effect, on multiple-lane roadways, 
of introducing an additional lane for each two intended lanes and 
creating the hazard of narrow lanes 

Theoretical Capacity of Traffic Lanes. The maximum capacity 
of one lane of traffic wliich is subject to no interruptions or interfer¬ 
ence and on which all vehicles travel at the same constant speed may 
be exjiressed by the general formula 


= 5280J 
■" C + L 
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in which N = ihe number of vehicles per liour. 

V = th<‘ spe( 5 cl of the vehicles, in mih^s pei’ hour. 

— the clearance between each two consecutive vehicles, 
in fe(*t. 

L — th(‘ l(‘nglli of the vehicles, in feel. 

The average length of vehicles is assumed to be 15 ft The clearance 
of vehicles should be eriual to the stopping distance of a vehicle in 
case an obstacle to travel is encountered. The stopping distance of 
a vehicle is dej)endent upon the sight reaction time of the driver, or 
the time for seeing the obstacle, upon the brake reaction time of the 
driver or the time required for applying the brakes, and the brake 
stopping distance. The sight reaction time varies generally between 
0.5 and 3.0 seconds, and the brake reaction time from 0.2 to 1.5 sec¬ 
onds. A total reaction time of 4 seconds is sometimes assumed for 
design purposes. The brake stopping distance is a function of the 
speed of the vehicle, the condition of the tires, the design and condi¬ 
tion of the brakes, the type and condition of the roadway surface, 
and the gradient of the roadway; it often is described in terms of the 
deceleration of the vehicle, as follows: 


S = 


Vt.V^ 

1.5 4.5a 


(8) 


in which S = the sight distance (assumed equal to the stopping dis¬ 
tance'), in feet. 

V = the speed of the vehicle, at the time of observing the 
obstacle, in miles per hour (1 mi per hr may be assumed as 
1.5 ft per sec). 

t = the total reaction time of the driver, in seconds. 
a = the rate of deceleration of the vehicle, in feet per second 
per second. 


The rate of deceleration varies from about 20 to 5 ft per sec per sec. 
A value of 12 ft per sec per sec was found by Professor Moyer on 
dry surfaces under ordinary emergency conditions. From 8 to 9 ft 
per sec per sec is desirable for comfort and has been recommended 
for design purposes. A value of 5 ft per sec per sec, or less, must be 
assumed for icy road conditions. Numerous formulas have been 
proposed for determining theoretical traffic capacities, based on dif¬ 
ferent assumptions in determining clearance; three of these formulas 
are as follows: 


Johnson formula 
Dougherty formula 


5280y 

0 . 57 ^ 3 ^ 15 

52807 

0.055672 + 0.737 + 15 


(9) 

(10) 
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Greeii«hieltls formula 


5280F 

J.ir+ 2() 


an 

( 11 ) 


Free-Moving Traffic Capacity. The actual capacity of a traffic 
lane is Jess than its tJieoretical capacity because of varying lengths 
of vehicles, varying speeds, varying safe stopping distances, and vari¬ 
ous traffic interferences. The terms “working capacity'' and “free- 
moving capacity" of roadways are widely used to describe the maxi¬ 
mum traffic capacity at which there is freedom from congestion. 
A. N. Johnson defined working capacity or free-moving capacity as 
the volume of traffic at which congestion occurs and defined conges¬ 
tion as the number of vehicles which fill the road and make turning 
out impracticable, this condition to last a sufficient length of time to 
be noticeable, the minimum amount of time being 1 minute. Adapt¬ 
ing a definition by the Highway Research Board, in 1928, “the free- 
moving traffic capacity of a roadway is reached when any further 
increase in traffic volume, all other factors remaining constant, results 
in a marked decrease in traffic speed." 

Traffic interferences reduce the actual capacity of roadways. 
These interferences are classified into four groups, as follows: 


1. Cross-interference, wffiich occurs as the result of two streams 
of traffic which cross each other at the same elevation or 
grade. 

2. Marginal interference, which occurs between moving vehicles 
and objects or people along the outer edge of the roadway. 

3 Internal interference, which occurs between vehicles moving 
in the same direction. 

4. Medial interference, which occurs between vehicles moving 
in opposite directions along the central portion of the road¬ 
way. 

The free-moving traffic capacity of rural highways naturally 
varies over a wide range and has been estimated by various investi¬ 
gators to be from 200 to 500 vehicles per hour per lane. 

The free-moving traffic capacity of traffic lanes on city streets 
varies over a wider range than that of rural highways. The traffic 
on city streets is slower than on rural highways, which tends to raise 
the capacity, but the presence of streetcars, busses, pedestrians, 
parking spaces, and frequent intersections interferes with the move¬ 
ment of vehicles to a much greater extent than on rural highways. 
It is obviously impossible to develop precise values for various kinds 
of traffic interferences. Numerous investigations of street traffic 
have been made, and the following conclusions reported by Lewis 
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W. McIntyre on the basis of studios of street traffic in Pittsburgh 
are of interest: 

1. The traffic capacity of a single lane of street in a congested 
city district, with interferences eliminated, is from 2000 to 
2500 passenger automobiles per hour. 

2. Interference by cross-traffic at grade reduc(‘S the cai)acity of 
any street approximately 50 })er cent. 

3. The stopping of a lane of traffic reduces the capacity of 
that lane 35 to 50 per cent when tlie stops occur close 
together. 

4. In the absence of pedestrian control, as much as 23 per cent 
of the pedestrian traffic crossing the stre^et will interfere with 
vehicles, thus reducing the .street capa^*ity. 

5. On the average, a j)assenger automobile turning left may 
delay following traffic a length of time equal to that required 
for four such vehicles to go straight through. 

6. A large parking lot or garage may have the effect of reducing 
the capacity of a main thoroughfare from 20 to 40 per cent. 
The extent of the reduction depends on the number of lanes 
of moving traffic on the strc'ct. 

7. Curb parking reduces traffic capacity about 50 per cent. 

8. Tlie traffic flow of city streets is not proportional to the 
number of ^anes. 

9. Trucks reduce the capacity of a street 25 to 40 per cent 
below that for })ass(‘nger automobiles. 

Rural Roadway Widths. Rural highways usually are built with 
an even number of traffic lanes, two-, four-, anrl six-lane widths being 
common. Highways having an odd numb(‘r of traffic lanes (such as 
three or five) are not considered safe by some highway authorities 
because vehicles traveling in ojiposite directions must ])ass overtaken 
vehicles in the single central lane. Under good conditions of visibil¬ 
ity, the weight of this objection is materially diminished, and numer¬ 
ous three-lane pavements have indicated tlieir safety and economy. 

The determination of the number of traffic lanes on a rural high¬ 
way generally is not a iiroblem unless the traffic volume is greater 
than the free-moving cajiacity of a two-lane roadway, which is the 
minimum condition. It is apparent that no fixed rule can be adopted 
which will be generally applicable. In many lo(‘ations the problem 
consists of building additional lanes as traffic volumes increase to the 
point of congestion. Traffic flow is not constant but normally varies 
from hour to hour, from day to day, and from month to month. 
Figures 26 and 27 illustrate several typical variations in traffic flow. 
Some highway organizations have adopted hourly traffic as a criterion 
for selecting the number of traffic lanes and recommend a four-lane 
roadway (or, in exceptional cases, a three-lane roadway) when the 



hourly traffic reaches 500 to 600 vehicles regularly during three 
hourly periods of weekdays The American Association of State 
Highway Officials recommends more than two traffic lanes when the 
average daily traffic exceeds 4000 vehicles. 
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The criterion for selection of a six-lane roadway instead of a four- 
lane roadway has not been generally established. The economy of 
building highways having eight or more lanes is questionable, and 
when more than four or six lanes become needed, an additional high¬ 
way generally will be more desirable. 

Additional Lanes on Hills for Slow TrafSc. Slow-moving trucks 
often impede traffic on two-lane pavements in hilly locations. Where 
relocation or grade reduction is impracticable the construction of an 
additional lane on rising grades, which may result in a three- or four- 
lane pavement, for the use of the slow-moving vehicles, may be 
justified. 

Street Roadway Widths. The width of street pavements should 
vary according to the class of street, the presence of car tracks, and 
provisions for parking. A width of 9 ft generally is allowed for a 
single-car-track area, but since car-track areas serve as traffic lanes, 
a minimum width of 10 ft is desirable. Parallel parking for auto¬ 
mobiles requires at least 8 ft, and diagonal parking requires about 
16 ft. Twenty-foot parking widths are desirable on industrial streets 
on which trucks are permitted to load and unload. Pavement widths, 
exclusive of car tracks, for various classes of streets, therefore, 
should be approximately as follows: 


Resident ini str(*ets, land service only 
Residential streets, throngli-traffic 
IR’tail husiiK'ss street.s, primarily Jiical 
IR'tail busiiK'Sh streets, tliiouKli-traffic 
Industrial sln'ets, niinimum 
Arterial streets 


20 to 40 ft 
36 lo 60 ft 
40 lo 60 ft 
56 to 80 ft 
60 ft 
56 to 120 ft 


Width of Shoulders. The standard widtli of shoulders on tlirougli 
roads has steadily increased, and 8 to 10 ft now is favored for heavy 
traffic. For secondary roads 6- to 8-ft widths are df‘sirable mini- 
mums. The width of shoulders on land-service roads is generally 
controlled by placing a minimum limit on the overall width of the 
surface and shoulders. Some counties have adopted minimum overall 
widths of 20 to 22 ft for improved land-service roads, but the widths 
should be greater in rolling country where fills and side ditches 
(rather than shallow gutters) are necessary; 24 to 26 ft are desirable 
minimum widths under such conditions. 

Side Slopes. Shoulder slopes should be somewhat greater than 
roadway crowns, and a slope of % to 1 in. per ft is representative of 
present practice. Side slopes should not exceed the angle necessary 
for the stability of the soil against sliding; slopes of 1% horizontal 
to 1 vertical are maximum slopes for the inside and outside of ditches 
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f(»r ordinary soils. Slopes of 34*1 even vertical faces are satisfac¬ 
tory in many rock cuts and in loess soils. V-bottoin <Utclies with 
<‘asy slopes are desirable from the viewpoints of cleaning,, machine 
mowing, and snow^ removal. 

Sidewalks. The width of sidewalks should be in pro])()rtion to 
the pedestrian traffic which will use them, with a minimum of 5 ft. 
The sidewalk on business streets usually covers the entire width from 
the building lines to the curb; on residential streets a space is left 
between the sidewalk and the curb to present a pleasing appearance, 
and a space of 1 ft sometimes is left between the property line and 
the edge of the sidewalk to facilitate the installation and care of 
fences and hedges. It is almost universal practice to provide a mini¬ 
mum transverse slope of 2 per cent from property lines to curbs in 
order to facilitate drainage; this slope may be increased to 0 or even 
10 per cent at intersections on streets having steep grades. 

Sidewalks and pathways are provided on many rural highways in 
areas having large amounts of pedestrian traffic. 

Dividing Strips. The critical condition with respect to the width 
of dividing strips on multiple-lane roads and streets occurs at inter¬ 
sections where crossing vehicles may be compelled to wait for passing 
traffic. At least 10- to 12-ft widths are desirable, and, depending on 
the volume of crossing traffic and the total width of the road or street, 
widths up to 30 or 40 ft may be desirable. Widths of dividing strips 
between intersections may be as little as 4 ft if ample curb protection 
is provided, although 8 ft is a desirable width to enable the strip to be 
used as an emergency parking lane. Approaches to intersections 
having widened dividing strips should, of course, be made in distances 
which are sufficient to provide safe curvature of the roadway. Some 
highway and street departments employ light-reflecting curbs along 
the sides of dividing strips to improve visibility, particularly at night. 
These curbs have a finish coat of mortar made with white Portland 
cement and are scored on their upper face. (See Fig. 28.) 

Traffic Separators. Traffic separators are frequently installed be¬ 
tween opposing traffic streams where dividing strips are not feasible 
because of financial or other considerations. The separator shown 
in Fig. 29, developed from basic studies by the Bureau for Street 
Traffic Research at Yale University and from driving tests, is intended 
to prevent an automobile from either hurdling the separator or being 
hurled back out of control into the traffic stream. Traffic separators 
are well adapted to municipal street thoroughfares but are considered 
undesirable for roadways on which speeds above 50 or 55 mi per hr 
are prevalent. 
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Width of Right-of-Way. The widths of the right-of-way, the 
roadway or street pavement, the sidewalks, shoulders, and roadsides 


Traffic 



SKETCH OF FINISHED CURB AND SCORING ASSEMBLY PLAN OF UNDER SIDE OF SCORING TOOL 

Fig 28 White refltftinp: (luh and dftiil of scoiing tool (\(w Jersey Stnti 
Huflniay D(pnihnnl) 



! 

CROSS SECTION 


Courtay Portland Crmint lasoc 

Fig 29 Tidffic sepantor instilled on Intcrboiough Pirkwiv m Brooklyn 

are intimately related The width of the right-of-way required for 
a rural highway depends upon the width of the roadway and shoul¬ 
ders, the size of ditches and gutters, the height of embankments and 
depth of excavations, the presence of car tracks and sidewalks, the 
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required width for bridges and culverts, and other physical features. 
Sufficient right-of-way should be set aside on important through- 
highways in the early stages of their development to provide for 
future improvements, such as increases in roadway widths, the addi¬ 
tion of sidewalks, the installation of lighting equipment and roadside 
improvements, and to prevent eneroachnients which will interfere 
with visibility and mar the aj)})oarance ol the highway. The elim¬ 
ination of ditch sections in cuts by mean’< of lij) curbs or paved gut¬ 
ters reduces the width reejuired for carrying outside slopes The legal 
width of right-of-way varies in the differc‘nt states; 66-ft (4-rod) 
widths arc common in many sections of the Aliddle A^T‘st, whereas in 
other sections 40- and 50-ft widtlis are not uncommon. The mini¬ 
mum width of a liighway whicl) serves only as an entrance and outlet 
for land is probably about 30 ft wlien the height of fills does not ex¬ 
ceed 2 to 3 ft; in most locations, however, a minimum width ot 60 to 
66 ft is desirable. The width of right-of-way along a rural highway 
need not be uniform, and it is common practice to obtain additional 
widths for wide cuts and fills, for curves, for building bridges and 
culverts beyond normal right-of-way boundaries, and for similar 
purposes. The following right-of-way widths represent present prac¬ 
tice: 


LiKlit-tniffic lan(l-s('r\ ICO ioa(b 30 lo 66 ft 

Socondary countv hifj;iiways, inodoialt'-trafiic ])ninarv 

county liiKhway.s and secondary state highways 66 to 100 ft 
Heavy-lraffic two-lane liigliwavs 80 lo 120 ft 

Four-lane highways 100 to 200 ft 

Six- and eiglit-laiie highways 120 to 300 ft 

Several typical right-of-way cross-sections of rural roads are shown 
in Fig. 30. 

Right-of-way widths for urban streets vary greatly according to 
the class of street and the early jilans of the municipalities. A mini¬ 
mum width of 66 ft is desirable, but widths as low as 50 ft are com¬ 
mon. Limitations on pavement widths have already been described, 
and the widths of right-of-way may be determined by providing the 
necessary widths for sidewalk areas, central dividing strips, and car- 
track areas. 

Crowns. A transverse slope oi enmn across a pavement is neces¬ 
sary in order to carry off surface water quickly. The upper boundary 
of the pavement or wearing course cross-section may consist of a 
circular or parabolic arc, of two intersecting straight lines or curved 
lines, or of a combination of a circular or parabolic arc in the central 
portion and tangents in the outer portions. In most cases there is but 
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6 - lane Roadway on 180 ft Right of Way (Half Section) 

Fig 30 Ri^ht-of-way cros.s-w'ctions for rural roatlh 


little difference between a circular or parabolic arc having the same 
vertical rise, and the parabolic arc is chosen on account of the sim¬ 
plicity of calculating ordinates from a tangent in order to set grades 
or construct a template. The formula for calculating these ordinates 
is 


y = 


4cx ^ 


( 12 ) 


in which y *= the vortical distance of a given point on the parabola 
below a horizontal tangent at the center line, in inches. 

X = the horizontal distance of the given point on the parabola 
from the center line, in feet. 
c = the total crown of the cross-section, in inch<*s. 
w = the width of the cross-section, in feet. 



WIDTH AND ALIGNMENT 


73 

The crown of a wearing surface or pavement should be established 
in accordance with the smoothness and regularity of the surface. 
Crown usually is expressed in terms of the rate of the crown in inches 
per foot; for parabolic crowns, the rate of crown, therefore, is the 
average rise per foot from the edge to the center line. Crowns of % 
to % in. per ft are used on earth roads and of % to % in. per ft for 
gravel roads, surface-treated macadam, and .similar surfaces. Crowns 
of % to 54 in. per ft are satisfactory for well-constructed high-type 
j)avements. Some highway and municipal engineering departments 



I^'k. 31 I)in|3jriim illuhtrating method of d("^ip:ninp an unsymmetncid crown. 

(‘.stablitfh crowns in terms of the total rise and vary the total crown 
according to several ranges in width. 

Umymmetncal Croirns. It is desirable to design street cross-sec- 
tions with both gutters at thf' same elevation, and most eross-section« 
are so designed. On some sidehill streets, however, a symmetrical 
crown may result in excessive excavation or embankment with expen¬ 
sive retaining walls, and the appearance of the street may not be 
pleasing. If the unsyminetrical crowns occasionally used on such 
streets are carefully designed, they tend to create the optical illusion 
that the pavement crown is symmetrical. This piractice ordinarily 
1^ confined to residential streets. The crown line or highest point of 
the cross-scction is sliifted to the high side of the street as shown in 
Fig. 31. Gutter depths are equal if possible, but sometimes it may 
be de.sirable to have a deeper gutter on the high side of the street 
than on the low side. The upper gutter slioiild rarely have a depth 
greater than 9 in., and tlie lower gutter less than 4 in. Double- 
j-tepped curbs are gc'nerally used in pine*' of high single curbs when 
excessive heights are involved. A single parabolic arc should he used 
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unless some unusual condition requires a double arc. Referring to 
Fig. 31, the location and elevation of the crown line may be deter¬ 
mined as follows: 

Let w = width of pavement, in feet. 

d = the difference in elevation of the gutters, in feet. 
xi = the distance from the center line to the crown line, in feet. 
yi = elevation of the crown line above the center line, in feet. 
h = the amount of crown, in feet, for a street of width w feet. 

The amount of crown, A, is determined as for a street with a sym¬ 
metrical cross-section. The parabolic arc passes through the points a, 
6, and c, and has its vertex at some point, D. It may be shown that 

dw 
~ '8h 

and 


The elevation of any point on the parabolic arc may be determined 
by means of ecjuation 12, substituting tlie crown line for the center 
line. 

Horizontal Curves. Salety is the primary consideration in the 
design of horizontal curves, and the ideal curve therefore will be 
plainly visible for long distances, both in advance and along the 
curve, and will enable vehicle driver^ to keep vehicles under control 
at reasonable speeds. 

The length of road which is visible to a vehicle driver, or the 
sight distance, is intimately related to the stopping distances of motor 
vehicles at the normal maximum speeds in use. The^e stopping dis¬ 
tances were discussed previously in this chapter. Minimum sight 
distances should provide some factor of sah'ty, and 800 ft is consid¬ 
ered desirable for primary and heavily traveled secondary state high¬ 
ways; 500 ft is a desirable minimum for primary and secondary local 
highways. 

The sight distance along a horizontal curve is determined by the 
radius of the curve of tlie center line of the roadway and the distance 
from the center line of the roadway to any obstruction to view; it 
may be expressed by the formula 


m 


0.125.S2 

H 


(13) 


in which m — distance from the center line of the roadway to the ob¬ 
struction, in feet. (See Fig. 32.) 
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S “ the sight distance along the center line of the roadways 
in feet. 

R “ the radius of the curve of the center line of the roadway^ 
in feet. 

The assumption, in formula 13, that the arc distance ACB in Fig. 
32 is equal to the sum of the chord lengths AC and CB introduces an 
error which is generally small and may be neglected. 

The relation of headlamp sight distance to horizontal curvature 
also is important from the viewpoint of preventing collisions at night, 
particularly on high-speed highways. Figure 33 shows this relation 



Fig 32 Sight distanco along a muiwav on a horizontal oiirvo. 


as developed by the General Electric Company and the Pennsylvania 
Turnpike Commission. 

Superelevation of Curves. The minimum desirable radius of 
curvature is intimately related to the extent to which curves may be 
safely supcrelevated to counteract the centrifugal force of vehicles 
traveling on the curve. Complete superelevation to balance the cen¬ 
trifugal force of vehicles, disregarding the effect of friction between 
the tires and the roadway surface, may be determined by the formula 


e = 


y2 

15R 


(14) 


in which e = the superelevation, in feet per foot of width. 
V = the speed of the vehicle, in miles per hour. 

R = the radius of the curve, in feet. 


If the friction between the tires and the roadway surface is taken into 
account, formula 14 becomes 



(14a) 


in which / * the safe coefficient of friction, or safe side friction factor, 
for a speed V, in feet per foot. 
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The safe maximum rate of superelevation in areas subjected to snow¬ 
fall is about 1% in. per ft or 0.10 ft per ft. The maximum side fric¬ 
tion factor that can be developed before skidding occurs, according 
to R. A. Moyer, of Iowa State College, is about 0.30. Motor vehicles 
traveling at speeds of 50 to 60 mi per hr, however, may be difficult 
to keep in control with a factor as high as 0.30, and a factor of 0.16 
has been recommended by the Project Committee on Relation of 
Curvature to Speed, of the Highway Research Board, for speeds up 
to and including 60 mi per hr with a reduction of 0.01 for each in- 



Fio. 33. Headlamp sight distances on horizontal eurv(*s as developed by the 
General Electric Company and the Pennsylvania Turnpike Commission. {Charles 

M. Noble.) 


crease of speed of 5 mi per hr above 60 mi per hr. It is apparent, 
therefore, that the speed for w^hich a curve is designed, and the selec¬ 
tion of the side friction factor, will determine the minimum radius 
of curvature on a highway. If friction is disregarded, the minimum 
radius of curvature will be 

y2 y2 y2 

^ ^ Tbe^ 15 X 0.10 “ L5 

and if a friction factor of 0,16 is used, the minimum radius of curva¬ 
ture will be 

y2 y2 y2 

^ “ 15(e +/) “ 15 X 0.26 “ ^ 

The range in minimum radii under these two conditions is shown 
in Fig. 34. Stonex and Noble concluded from tests on the Pennsyl¬ 
vania Turnpike that a side friction factor of 0.10 is the maximum 
value which should be employed for speeds of 70 mi per hr and 
higher. 
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Prior to 1936, most highway organizations provided full super¬ 
elevation (that is, disregarding side friction) for some assumed speed 
up to a maximum rate of about 0.10 ft per ft. A maximum sjieed of 
60 mi per hr was quite widely assumed, and frequently, curves of less 
than 1° were not superclcvated. Curves of 0° 15' and 0° SCK on pri¬ 
mary roads now are often superelevated. The selection of a dehnite 
speed for the design of curves is essential in determining minimum 
radii and rates of superelevation, but no definite standards have been 



34. Minimuiii radii of horizontal curves for various spi'cds; roadway suiior- 
olcvidl'd at rate of 0.10 ft pt'r ft of width. 

iMiivorsally adopted. The selection of friction factors also is iin])or- 
tant, jiarticularly in determining the mininumi radius or degree of 
curvature at which superelevation will begin. Assuming a side fric¬ 
tion factor of 0.16, an average crown of 0.01 ft per ft, and a speed 
of 60 mi per hr, the negative superelevation on the outer lane of a 
curve would be counteracted by a curvature calculated as follows: 

3600 

^“I5(e+/) 15(-0.01 -I-0.10) 

Tliis corresi)onds, approximately, to a 3° 30' curve. 

The adoption of standards relative to minimum radius and super¬ 
elevation of curves for high speeds may necessitate large expenditures 
for additional right-of-way which cannot be justified on many high¬ 
ways, and vaiying standards will be necessary on the various classes 
of highways. The protection of traffic by means of effective lighting 
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and signs will undoubtedly become essential on through-highways at 
locations where desirable minimum conditions of design cannot be 
realized. 

Easement of Curves. Since no superelevation is required on tan¬ 
gents and full superelevation is required upon entering a circular 
curve, it is necessary to provide a gradual transition from the normal 
tangent section to the full circular curve section. This transition 
may be accomplished by means of transition or easement curves 
which may consist of compound circular curves, spiral transition 
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curves (similar to tliose on railroads), or parabolic curves. The 
spiral curve is widely used, hut for some reason the parabolic curve, 
which provides its own easement, has not been used in the United 
States. The crown of the roadway surface is gradually changed to 
a flat section on the apjiroach to the easement curve, and the full 
superelevation is reached when the full circular curve is entered. 

Wideniyig on Curves. Owing to the fact that the rear wheels of 
motor vehicles do not ordinarily travel on the same radius on curves 
as the front wheels, it is desirable to widen traffic lanes on sharp 
curves. The theoretical amount of widening required is illustrated 
in Fig. 35 and may be calculated as follows: 

R2^ = {Hi + or + Wi ^ 112-Ri A = - {Ri + G) (15) 

in which R 2 = the radius of the inner rear wheel curved track, in feet. 

Ri = the radius of the outer front wheel curved track, in feet. 
G = the gauge of the wheels, in feet (4 ft 8 in. for ordinary 
passenger cars). 

L = the wheel-base length, in feet. 
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TFi * the full width, in feet, required for clearance. 

A » amount of widening required, in feet. 

In addition to tue amount of widening required for turning, it is de¬ 
sirable to provide a small additional width for psychological reasons. 
The widening generally is placed on the inside of easement curves 
in the shape of a lune. Present practice is to widen curves of 5® to 
6° or more, the maximum widening being determined by means of 
the Voshell formula, which is 


TF = 2(« - - L2) + 

in which W = the widening, in feet. 

R = the radius of curvature, in feet. 
L = the wheel base of vehicles, in 
mended). 


35_ 

Vr 


(16) 


feet (20 ft is recom- 


GRADES 

Maximum Grades. The increase in gasoline consumption of motor 
vehicles is the principal item in the increased cost of vehicle operation 
on grades as compared with the cost of operation or level highways, 
and it will be shown in Chapter XVIII that grades up to 7M> per cent 
do not affect the cost of operation of ordinary passenger vehicles, 
provided that the rise and fall are equal along a highway. This 
maximum grade decreases as the weight of the vehicles and loads in¬ 
creases and may be as low as 2 per cent for heavy trucks loaded to 
capacity. Decreases in the cost of vehicle operation by grade reduc¬ 
tion must be weighed against the cost of construction. An accurate 
solution of the problem is a practical impossibility because of the 
variations from year to year in the proportions of each class of ve¬ 
hicles which comprise the total traffic, and because of the constant 
changes in the design of motor vehicles. Therefore, the practical 
solution of the problem of grade establishment will depend upon the 
judgment of the engineer or engineers in charge of the design of a 
specific highway project. Maximum grades of 5 per cent in rolling 
country and 7 per cent in rough country are generally favored, but 
variations from these rates are often compatible with good judgment. 
(Greater gradients for short distances are entirely feasible, particu¬ 
larly if they result in the elimination of excessive curvature. 

Minimum Grades. Minimum grades on both rural highways and 
urban streets are governed by the necessity of provisions for drain¬ 
age. Long fills on rural highways may be constructed with level 
grades, and level grades can be used on sections of either rural high¬ 
ways or urban streets where ditches or pipe drains may be constructed 
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with sufficient grades to carry off water. Pipe drains should'-have 
inlets short distances apart under such conditions, and gutters must 
be sloped slightly or placed with great care to avoid ‘^pockets.” 

Vertical Curves. Considerations (»f comfort and safety require 
that intersecting grades having differences in rate of more than 0.5 
per cent be modified by means of vertical curves. The minimum 
length of vertical curves at summits will be governed by the distance 
within which two vehicles are within sight of each other, this distance 
being defined as the ^^sight distance.” Proper sight distance varies for 
different conditions and should be greatest on roads having smooth 
pavements with no parking strips between opposing lanes of traffic. 
Recommended sight distances vary from 350 to 1000 ft for rural 
highways, the maximum being applicable to high-speed through-higli- 
ways. Parabolic curves are used almost exclusively because of the 
convenience of calculating their coordinates. The length of parabolic 
curves for various minimum sight distances on crests under daytime 
conditions of visibility may be calculated by means of the formula 


h 


(17) 


in which L ~ the minimum length of the curve, in 100-ft stations. 

S = the minimum sight distance, in 100-ft stations. 

G = the algebraic difference between the two intersecting 
grades, in per cent. 

h = the vertical height of the driver's eyes above the road 
surface, in feet (5 ft is generally used). 


Lengths of vertical curves on rural highways are generally multiples 
of 50 ft, and odd lengths obtained by means of the preceding formula 
are generally increased to the next largest multiple of 50 ft. 

Sight distance at night is an important consideration on high¬ 
speed through-highways to prevent collisions with unlighted objects. 
Figures 36 and 37 show the relations of headlamp sight distances 
developed by the General Electric Company and the Pennsylvania 
Turnpike Commission. 

The calculation of ordinates to parabolic vertical curves is illus¬ 
trated in Fig. 38. The point d is the mean in elevation of points c 
and ty the two ends of the curve. The point c is half way between 
the points a and d, and may be determined by direct calculation as 
described or by means of the formula: 


H = 


Gi — G2 y 

8 100 


(18) 
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Fig 36 HeadUmp sight distances on vertical curves on sags i developed by the 
General Electric Company and the Pennsylvania Turnpike Commission {Charles 

M Noble) 



Fig 37 Headlamp sight distances on vertical curves on crests as developed by 
the General Electric Company and the Pennsylvania Turnpike Commission 

{Charles M Noble ) 
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in which H « the vertical distance, in feet, from the intersection of 
the grade tangents to the midpoint of the curve. 

(?i — G 2 *= the algebraic difference, in per cent, between the two 
intersecting grades, always expressed as a positive 
number. 

L « the length of the curve, in feet. 


a 



Fig. 38. Diagram illustrating method of eompiiting the ordinates of a vertif^al 

(urve 

The elevation of any point on th(» curve, such as p, may be determined 
by first computing the elevation of the corresponding point p' on the 
grade tangent, and then computing the difference in elevation between 
the points p and p' by means of the formula: 



in which x the difference in elevation between points p and p'. 

y the horizontal distance of point p from the nearest end of 
the curve. 

H and L have the same significance as in equation 18. 

It will be observed that the foregoing method introduces a slight 
error when c and t are not of the same elevation, but it is so small 
that it may be neglected. 

The number of points of which the elevations should be computed 
• for earthwork calculations will depend upon the difference in rate of 
the intercecting grades and upon the length of the vertical curve. It 
should be such that the points may be connected by straight lines, the 
difference in grade of which does not exceed 0.4 per cent. The dis- 
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tsnce betw€en successive points thus computed will vary from 10 to 
50 ft, the intervals usually adopted being 10, 20, or 50 ft. The num¬ 
ber of points computed may also be determined by the distance be¬ 
tween grade stakes, although this degree of refinement is unnecessary 
except where the difference between intersecting grades is large and 
the vertical curve is relatively short. 

It is not possible under all conditions of topography, even on im¬ 
portant heavily traveled roads, to obtain desirable minimum sight 
distances, and some highway departments have adopted the practice 
of providing an additional traffic lane on each side of the roadway, 
on such locations, to decrease the accident hazard. 

Street Grades. The establishment of street grades often is a much 
more complicated problem than on rural highways because of the in¬ 
fluence of adjacent property and the closer spacing of intersections. 
Streets differ from rural highways in one very important respect— 
rural highways generally are designed so that as little surface water 
as possible is carried along the highways, whereas municipal streets 
are generally designed to receive all surface water from adjoining 
property and earry it to openings into underground drains. Street 
grades therefore are generally in cut, and no attempt is made on most 
street iinprovernentb to balance the earthwork in cuts and fills. Ap¬ 
pearance and connections with abutting property are other important 
considerations in the establishment of street grades. 

A minimum grade for streets of 0,25 per cent is desirable in order 
that surface water may be quickly carried off by the gutters. Verti¬ 
cal curves arc used on street grades at abrujit changes in grade to 
facilitate comfortable riding and to create a good appearance. Sight 
distance is not so important as on rural highways, except in unusual 
instances, and the app(‘arance of the street is the most important 
factor in determining the lengths of vertical eurv(‘s; a frequently used 
rule in cities is to make the length of vertical curves, in feet, not 
loss than twenty times the algebraic difference between the inter¬ 
secting grades. 

HIGHWAY INTERSECTIONS 

Conditions Affecting Design. The multitude of conditions which 
affect the design and treatment of highway intersections include the 
class and type of each intersecting road, the volume and nature of 
the traffic on each road, the topography, the number and direction of 
the intersecting roads, the amount of turning movement, and the 
development of the land adjacent to the intersection. 



84 GENERAL FEATURES OF HIGHWAY DESIGN 

Types of Intersection Treatment. The treatment of intersections 
in the improvement of highways may be classified as follows: 

1. General features common to most intersections. 

2. Enlarged intersections. 

3. Separation of the highway grades. 

General Features of Design. General features of design which 
are common to almost all intersections consist of restrictions relative 
to the alignment and grades of the approaches, the grades across the 
intersection, the installation of warning signs, and the elimination of 
obstacles to visibility. 

The grades across intersections should be level or as nearly level 
as possible, and approach grades should not exceed 1 per cent for 
distances which depend upon the class and type of the highway; 75 
to 100 ft is a desirable minimum distance for approaches on purely 
local or land-service roads, whereas 300 ft is desirable on through- 
highways. Similarly, proximity to curves on which the visibility is 
limited should be avoided. 

The installation of warning signs deserves careful thought. Such 
installations easily can be overdone and thus lose a large measure of 
their effectiveness. It is unnecessary, on through-highways, to install 
“Cross Road” or “Side Road” signs in advance of all intersecting local 
or land-service roads; appropriate signs should, however, be placed 
on the local roads. Advance warning signs should be installed on 
through-roads on approaches to intersections with other through- 
roads. 

Natural ol)stacles should be eliminated if i)ossible. Slopes in cuts 
adjacent to intei’sections may be flattened, and hedges and similar 
obstructions to visibility can be removed. These obstacles cannot 
always be r(*moved on apj)roaches on local roads l)ut deserve careful 
attention on thn)ugh-roads. Billboards sometimes create hazards at 
intersections, and some states have enacted laws prohibiting bill¬ 
boards within specified distances from intersections. 

Enlarged Intersections. Four types of enlarged right-angle inter¬ 
sections are shown in Fig. 39. The paved intersection is widely used 
at the intersection of tw’o paved roads, each of which continues 
straight through the intersection (for example, the intersection of a 
secondary and a primary county highway) and may consist merely 
of rounding off the corners at the edges of the pavements without 
acquiring additional right-of-way. Additional right-of-way fre¬ 
quently is obtained at paved intersections to increase visibility and 
to provide for probable future changes in the intersection layout. 
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The curved type of intersection is common at the intersection of two 
lieavily traveled roads, such as two primary state highways; the radii 
(if the curved portions should not be less than 300 ft, and so mefiTne s 
(hey are much greater. The intersection is widened at locations 



(d) Widoned 
Intersrrtion 



(b) Curved 
Intersection 



Intersection CircN' 


Fio. 39. Types of enlarged highway intersections 


where the curved intersection is impracticable on account of cost or 
topographic conditions. The traffic circle is constructed to move 
traffic in one direction around a circle or similarly shaped intersec¬ 
tion; it includes a central island, which forces traffic to take a rotary 
course, and generally directional islands which cause the traffic to enter 



Fig. 40. “Cloverleaf” highway grade separation. 


the intersection through definite channels and move into the rotary 
traffic lanes at oblique angles. Traffic circles are particularly well 
adapted to multiple intersections in cities but also are used on rural 
roads. 

Highway Grade Separations. The separation of highway grades, 
except under very favorable topographic conditions, is a costly pro¬ 
cedure, and grade separation has been undertaken only on highways 
subject to very large volumes of traffic. 
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Deck structures are commonly used, being well adapted to high- 
way grade separations on account of their appearance and lack of 
interference with visibility. Sometimes the lower roadway is de¬ 
pressed to fit the location. 

The “cloverlcaf^ pattern of grade separation layout, in which all 
turning traffic turns to the riglit, is desirable when turns must be pro¬ 
vided at intersections, because tra(ffic lines do not cross and through 
traffic need not be interrupted. Numerous modifications of the 
standard pattern have been adapted to meet special conditions. 

Separated Crossings for Pedestrians. The use of separated cross¬ 
ings for pedestrian traffic is justifiable on wdde through-highways in 
congested areas, particularly near schools. The subway is the usual 
form of separated i)cdestrian crossing. 

STREET INTERSECTIONS 

Street Intersection Grades. The treatment of grades at street in¬ 
tersections is sometimes a perplexing problem, and many methods 
have been devised for handling this feature of design. The most 
troublesome intersections are on streets having grades in excess of 2 
to 3 per cent. The treatment of grades may embrace carrying the 
street grade across the intersection, or flattening the intersection area 
by breaking the street grades at the curb linos or property lines. A 
method which was developed by V. S Moon, while Assistant En¬ 
gineer of the Board of Estimate and Api)ortionm(‘nt of New York 
City, is given in Appendix A. 

Curb Radii. The radius of curbs at intersections is intimately 
related to traffic convenience and safety Short-radius curves of 4- to 
8-ft radius were the general rule in municijial strei't design for many 
years, but longer radii are now used. Tlieoretically, the minimum 
radius of curves at intersections should be equal to the turning radius 
of a streetcar on streets having car tracks and to tlie longest turning 
radius of all but exceptional motor vehicles on streets without car 
tracks; 50- and 25-ft radii, respectively, would be required to fulfill 
these requirements. General i>ractice limits curb radii to 15 to 30 ft. 

Widening Intersections. Splaying or widening of street intersec¬ 
tions sometimes is practicable, particularly on streets having car 
tracks, io facilitate the movement of traffic. The volume of traffic, 
the volume of turning traffic, and the availability of right-of-way are 
important considerations in connection with widening. Since widen¬ 
ing is necessary on only one side of a street at the entrance to an 
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intersection, the use of the right lane adjacent to the curb generally 
should be restricted to turning traffic. 

Rotary Intersections, Rotary intersections generally are circular, 
or nearly circular, in shape, although elongated ovals are used in some 
locations; they are particularly adaptable to multiple intersections. 
Since they require large areas of ground, they usually must be incor¬ 
porated in the original city plan. 

Provisions for Safety of Pedestrians. Numerous provisions for 
the safety of pedestrians at street intersections are employed. Painted 
stripes outlining the limits of pedestrian crossings are common. On 
streets paved with concrete, pedestrian crossings constructed with 
white Portland cement are utilized to some extent, the adjacent 
normal concrete being slightly darkened for contrast by the addition 
of a small proportion of carbon black in the paving mixture. The 
construction of separated pedestrian crossways, usually in the form 
of subways, is desirable at unusually heavy traffic crossings, and is 
increasing in the larger American cities. 

RAILROAD GRADE CROSSINGS AND GRADE SEPARATIONS 

The design of highway and railroad crossings at grade is an indi¬ 
vidual problem in each case, and the details of design depend upon 
the angle of crossing, the railway and highway grades, the visibility, 
the railway and higliway alignment for considerable distances from 
the crossing, the volume of traffic on both tlie railroad and the high¬ 
way, drainage, and other conditions The following conditions repre¬ 
sent an ideal highway-railway grade crossing: 

1. A 90” angle of crossing. 

2. Tiic crossing should be visible for 500 ft on either side of 
the railroad. 

3. The railway should be visible for 1000 ft on cither side of 
the highway at a distance, on the highway, of 300 ft from 
the crossing. 

4. The railway alignment should be straight. 

5. The highway grade should be level for a distance of 100 ft 
on each side of the crossing. 

6. The grades of the highway beyond the level section should 
not exceed 3 per cent for distances of 500 ft. 

7. Sharp curves and highway intersections should not be less 
than 250 to 750 ft from the crossing, the distance depending 
upon the importance of the highway. 

8. The paving in the railroad area should be smooth and of the 
same width as the highway but not less than 20 ft. Single¬ 
lane or narrow two-lane highways should be widened to 
20 ft for at least 200 ft on each side of the crossing. 
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9. Warning signs should be installed not less than 500 to 750 
ft from the crossing. 

10. Warning signals, consisting of flashing lights, should be 
installed on each side of the crossing. 

11. Crossings should be lighted at night, when necepary, and 
the lights should be so arranged that passing trains will be 
plainly visible. 

Obviously, not all these ideal conditions can exist at all grade 
crossings, and modifications are necessary on the more lightly trav¬ 
eled roads; when ideal conditions are not obtainable on heavy-traffic 
highways, grade separation is desirable. 

Paved Railroad Crossings. Pavements for railroad crossings at 
grade are of various types. 

Plank Crossings. Plank crossings are widely used for paving 
crossings on light-traffic roads and are satisfactory when adequately 
maintained White oak is one of the most satisfactory woods, but 
untreated and creosoted southern pine and fir are also used. 

Bituminous Crossings. Bituminous materials of all kinds are 
used for paving grade crossings. Rock asplialts and cold artificial 
mixtures are favored because of their convenience in handling and 
ease of maintenance. 

Concrete Crossings. Cast-in-place concrete crossings have been 
used quite extensively but are not entirely successful on account of 
the destructive effect of vibration from trains. 

Precast Concrete Slabs. Precast concrete slabs posse.ss the advan¬ 
tage of ease of maintenance They must be heavily reinforced and 
should be provided with connections for handling with truck cranes. 

Bail Crossings. Crossings constructed with steel rails are widely 
used and are very satisfactory except on skew crossings at sharp 
angles. Old steel rails are utilized, which require the placing of level¬ 
ing strips if tlie rails are smaller than the track rails. 

Traffic Treads. Steel traffic plates make very satisfactory paving 
for grade crossings. They necessitate sleepers and planks on the ties 
for support. 

Separation of Grades. The separation of railway and highway 
grade§ is essential in many locations to eliminate dangerous crossings; 
on heavily traveled highways, it is desirable on account of the sav¬ 
ings in operating costs of vehicles. 

Grade-Separation Structures. Grade-separation structures may 
consist of an overpass, wliich carries the highway over the railroad, 
or an underpass or subway, whicli carries the highway uialer I he rail- 
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road. The selection of either class of structure depends upon the 
topographical conditions at each crossing. 

Girder bridges are used extensively for grade-separation struc¬ 
tures on account of their adaptability, cost, and appearance. High 
steel trusses also are used where span lengths make girders impracti¬ 
cable. Many rigid-frame structures, both of steel and of concrete, 
have been used. 

The alignment of approaches to grade crossing structures should 
be such that sight distances of 500 to 750 ft are obtained. Approach 
grades should never exceed 5 per cent. Underpasses should not be 
obstructed by center supports for the overhead railroad structure 
unless the traffic lanes arc divided by center parking strips and pro¬ 
tected by curbs. 

The standard railroad clearance for the higliway overpasses is 22 
ft, and the minimum clearance sliould he 14 ft for highway under¬ 
passes except when electric railway tracks are present, in which case 
a minimum clearance of 16 ft is desirable. In some locations where 
subways are desirable, it is necessary to dejiress the roadway for con¬ 
siderable depths below the surrounding ground elevation, and drain¬ 
age becomes a pi’oblem; automatic sump pumps arc used under such 
conditions to remove surface water from rams. Failure of electric 
power or machinery creates great inconvenience or even a dangerous 
hazard, and therefore this design should be avoided if possible. 

Laws Relating to Railroad Crossings and Grade Separations. All 
states have laws wdiich outline the procedures necessary to improve 
liighway and railway intersections, and most states have enacted laws 
re(]uiring definite w^arning and control devices for grade crossings. 
Michigan, for example, recpiires the use of rcflectorizcd crossing signs 
at all grade crossings not protected by flashing-type signals. The 
participation of railroads in the cost of grade separations usually is 
controlled by public utility commissions. 


EXPRESS HIGHWAYS 

An express highway is a road or street designed for large volumes 
of traffic operating at controlled moderate to high speeds for consider¬ 
able distances with a minimum amount of interference or interruption 
from cross-traffic or entering and leaving traffic. Thus an express 
highway may be considered a special type or class of arterial or 
through-traffic street or road. The distinguishing feature of a fully 
controlled express highway is the incorporation in the design of a 
frc(*way, whicli has been defiiKMl as a roadway “to which there is no 
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vehicular access from abutting property.” Several express highways 
have been built in large cities, and non-interference with traffic has 
been secured by the elevation, partial elevation, or depression of the 
roadway and the construction of grade separations for vehicular traflSc 
and pedestrians. A few rural roads with long freeways have been 
built in metropolitan areas. 

Express highways have been suggested for interstate and primary 
state highways with divided roadways, no highway or railway cross¬ 
ings at grade, separate service roads for adjacent property, separated 
pedestrian crossings, long sight distances, long and fully superelevated 
curves, provisions for the safe removal of disabled vehicles, and fully 
controlled minimum and maximum speeds. Roadways and other fea¬ 
tures designed for speeds of 100 mi per hr have been suggested for 
such highways. This type of construction would involve very large 
expenditures, of course, and it presents many difficult problems. In¬ 
frequent crossings would seriously interfere with access to rural prop¬ 
erty, and the control (if speed limits would be expensive. The neces¬ 
sity of competing with air travel by means of high-speed, expensive 
land roadways deserves serious consideration. Many of the designed 
features of express highways, however, may be, and are, incorporated 
in plans for the improvement of many primary highways. 

MISCELLANEOUS HIGHWAY STRUCTURES 

Guard Railings. The various types of guard rails on highways 
include wooden guard rails, cable and wire tape rails, wire mesh rails, 
steel plate railings, and masonry railings. 

Wooden railings consist of posts and rails Lumber of small cross- 
sectional area has low resistance to shock and may cause great dam¬ 
age to vehicles and occupants. Heavy planks, 3 by 10 in. and larger, 
firmly fastened to square, creosoted timber posts are quite common 
in some sections of the country and represent good practice in the 
use of timber. 

Steel cable railings usually consist of %-in wire rope mounted on 
wood posts; steel posts and reinforced-concrete posts also are used. 
Round cedar posts are favored because of tlieir durability; the lower 
ends of the posts preferably should be treated with creosote oil or 
creosote-coal tar solution by dipping or brushing. Steel cable railing 
is low in cost of installation in comparison wdth other railings but has 
a number of disadvantages, including low visibility of the cable, sag¬ 
ging due to changes in temperature, and incomplete protection to 
vehicles when struck. Spring tightening devices and offset lugs to 
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hold the cables away from the posts decrease the last two disadvan* 
tages to a considlsrable extent, and a durable white paint on the posts 
provides well for visibility. Wire tape rails are used in place of cable 
rails, but their additional value is perhaps questionable. 

Wire mesh guard rails are from 14 to 22 in. vide and are usually 
placed on wooden posts. They generally are somewhat more expen¬ 
sive than cable railings but offer less tendency toward damage to 
vehicles when struck; they are strong and tend to deflect vehicles 
back onto the roadway. Their visibility is generally good. The prin¬ 
cipal objections to this type of guard rail are the necessity of com¬ 
plete replacement of sections which are struck and the fact that, in 
snow regions, the railing acts as a snow fence. 

Numerous types of steel-plate guard rails are used, some of which 
are attached directly to the posts while others have spring connec¬ 
tions which permit the railings to deflect when struck. These railings 
are very effective in preventing damage to vehicles; they are visible 
when properly painted and are easily installed; their disadvantages 
are their cost and their tendency to act as snow fences in regions sub¬ 
ject to snowfall. 

Masonry railings are used occasionally under special conditions 
on account of their appearance. They are costly to install. 

The matter of guard rail on individual highways and on highway 
systems as a whole deserves very careful study. Guard rails are 
placed, of course, on embankments, along deep ditches, and along 
natural watercourses. Guard rails are expensive to construct and 
maintain; they interfere with roadside mowing, shoulder maintenance, 
and snow removal; and often they constitute hazards in themselves. 
Large numbers of county highway systems contain large amounts of 
guard rail which are inadequately maintained Guard rail has a defi¬ 
nite place in road design, but its use has been greatly overdone in 
many areas. Numerous local highway organizations have studied the 
guard-rail installations on their highway systems and have outlined 
carefully prepared plans for their elimination Such plans, under 
some financing conditions, may require many years for completion, 
but at least they represent intelligent efforts to deal with a perplexing 
problem. 

Signs. Highway signs are an essential part of any highway sys¬ 
tem, and their design and installation have become quite well stand¬ 
ardized through the efforts of the American Association of State 
Highway Officials. Highway signs may be classified into several 
groups, consisting of road markers, warning signs, caution signs, re¬ 
striction signs, and direction signs. 
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Road markers identify routes of travel and are of great value on 
through-roads; their value on secondary county highways and on land- 
service roads is (|uestionahle. and '^left^' route markers, 

bearing the letters R or L, respectively, indicatt* the direction of high¬ 
way routes at approaching road intersections. Standard route mark¬ 
ers have black letters on a white background. 

The standard railroad and ‘^stop” signs, which are circular and 
octagonal, respectively, are well known and need no detailed descrip¬ 
tion. Diamond-shaped signs indicate conditions of inherent danger 
such as curves, winding roads, and narrow bridges. Square signs in¬ 
dicate the necessity of caution because of slippery or loose road sur¬ 
faces, soft shoulders, school zones, and other special conditions. All 
these signs are normally 24 indies in least (Ihiiension and have black 
letters on a yellow background. 

Restriction signs serve to indicate legal restrictions such as speed 
limits, load limits, parking restrictions, and r(‘gulations regarding 
turns. These signs generally have black letters on a white back¬ 
ground. 

Direction signs giving mileage, state and county boundary lines, 
names of towns, streams, and other topograjihical features are 
desirable to facilitate through-traffic. Arrow-shaped direction signs 
are suitable for local roads and for indicating turns on through-roads; 
the square sign indicating ^^straight-ahead’' routes and destinations 
combines marker and direction signs, and facilitates travel on state 
highways by being placed on apfiroaches to intersections and facing 
approaching vehicles. 

Most highway signs are made of pressed metal on account of cost 
and ease of handling. Both wood and steel jmsts arc used. Reflector 
buttons arc desirable to facilitate night driving, particularly on 
through-roads. 

Highway Lighting. The complete lighting of highways is not 
j>racticable except on roads which have heavy night traffic, but partial 
lighting is desirable on many highways to overcome hazards due to 
physical features of design and construction which are not always 
easy or.economical to eliminate. Two types of lighting units are most 
extensively used: the high-pressure mercury-vapor lamp combined 
with a tungsten-filament incandescent lamp, wliicJi provides a white 
light and is considered very desirable on urban thoroughfares; and 
the sodium-vapor lamp, which produces a monochromatic, yellow 
light and is considered very satisfactory for rural highways because 
of the silhouetting of objects. 
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Roadside Improvement of Highways, In the initial stages of 
highway improvement in this country the construction details natu¬ 
rally received the greatest attention. As construction programs began 
to keep pace with traffic developments, more attention was devoted 
to the improvement of roadsides. 

The principal objectives of roadside improvement are the promo¬ 
tion of safety, the simplification of maintenance operations and re¬ 
duction of the cost of maintenance, and the esthetic development of 
the highway and adjacent property. These objectives are inter¬ 
related, and frequently methods of accomplishing one will contribute 
to another. The general problem involves not only features of design 
but methods of construction and maintenance as well. 

The promotion of highway safety by means of roadside improve¬ 
ments requires that careful attention be given to the selection of 
shoulder widths, the elimination of steep slopes on embankments, the 
elimination of deep ditches, the elimination of obstacles, the con¬ 
struction of sidewalks for pedestrians in some locations, and adequate 
provision for parking in areas where the lack of such facilities may 
be a serious menace to safety. Most of these feature's already have 
been described in this cliapter. Although maintenance operations 
may not, in a narrow sense, be construed as features of roadside im¬ 
provement, nevertheless such items of work as mowing and snow 
removal are an essential part of the general program of promoting 
the highway safety and should be carefully scheduled to eliminate and 
prevent the presence of traffic hazards. 

Careful attention in the design and construction of highways will 
eliminate many costly items of maintenance. Adequate financing of 
roadside improvements often presents a difficult ])roblem, particularly 
in connection with local r(»ad imiirovements, and, in many areas, a 
carefully planned long-range jirogram must be adopted to achieve 
adecpiate results. Very fn*(ni(*ntly the difficulty of providing for 
proper roadside improvements of local roads, such as primary and 
secondary county roads and land-service roads, is not fully appre¬ 
ciated. 

The operations of mowing and snow removal arc seriously affected 
by roadside conditions. Narrow shoulders, deep ditches, rough con¬ 
tours, the presence of large boulders and sometimes of trees and pole 
lines may reduce the amount of machine mowing and make it neces¬ 
sary to resort to more costly hand methods. This problem often is 
acute on local road systems in rolling or hilly country. Similar con¬ 
ditions often increase the cost of snow removal, especially when 
repeated snowfalls occur at short intervals; if the shoulders are nar- 
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row and the roadsides are rough, the snow cannot be moved outward 
to provide room for removing later snowfalls. 

In rolling or hilly country, the adequate maintenance of guard 
railing often is a significant item in maintenance budgets, particularly 
on local roads. Not only is their presence an obstacle to mowing and 
snow-removal operations but also their upkeep (except in the more 
costly types) requires frequent replacements, painting, and tighten¬ 
ing. Guard railing should be eliminated during construction wherever 
possible by constructing flat side slopes and eliminating deep side 
ditches. 

One of the most important features of roadside improvement, from 
the viewpoint of maintenance cost as well as that of roadside appear¬ 
ance, is the adoption of effective measures for controlling erosion. The 
shoulders of highways are subjected to erosion from roadway water, 
side slopes are eroded by roadway water and water from adjacent 
land, and ditches and gutters often are eroded by runoff water. The 
following methods of controlling erosion are commonly employed: 

1. The selection of suitable cross-sections. 

2. Installation of appropriate provisions for cross-drainage to 
reduce the volume of water along the highway. 

3. The construction of lip curbs or separate paved gutters 
immediately adjacent to pavements on soils which erode 
easily. 

4. The stabilization of shoulders by oiling, graveling, and 
other methods. 

5. Paved gutters and ditches. 

6. The installation of pipe drains for carrying storm water (as 
distinguished from piiie drains for carrying only the seepage 
of ground water in comparatively small quantities). 

7. Installation of ditch checks in erosive soil. 

8. Seeding, sodding, mulching, and oiling of slopes. 

9. The rounding of slojies, particularly on side cuts and on 
embankments. 

10. The construction of intercepting ditches on side slopes on 
adjacent land. 

11. The installation of drop inlets at the upper ends of culverts. 

12. The suitable design of culverts with particular attention to 
headwalls, cutoffs, and aprons. 

13. The control of slides. 

14. The planting of trees and shrubs. 

Most of these features have been described in this or a preceding 
chapter or will later be described at appropriate places in the text. 
Attention is tvere caWed to the nature of control measures as a funda¬ 
mental part of roadside improvement. 

The esthetic improvement of highways is concerned with the de- 
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velopment of a roadside which blends into and harmonizes with the 
surrounding landscape It is impracticable, within the limitations of 
a book of this sort, to devote a large amount of space to a separate 
treatment of this important phase of highway improvement. For 
our present purpose, attention will be called to the principal features 
of esthetic development These are: 

1 The harmonizing of construction with the topography For 
example, slopes should be rounded, tree and shrub plantings 
should consist of native growths arranged naturally, and 
native stone should be utilized for ornamental structures 

2 Rights-of-way of existing roads should be cleaned of debris 
and unattractive tiees and other vegetation 

3 The utilization and development of existing scenic attrac¬ 
tions 

4 The control of billboards and pole lines 

5 The planting of native tiees and shrubbeiy at strategic loca¬ 
tions 

6 The caic of tiees and bhrubl)ery 

7 Erosion control 

8 The development of parking aieas, tuinouts and overlooks 
for rccieation areas and scenic attTactlon‘^ 

BIBLIOGRAPHY 

1 Johnson, A N, ‘Tnflfic Capacity” Proc Tcrith Annual Mectmg, High- 
way Rebearch Board 1930 p 218 

2 SiMPbON, H S, “Um iiid Cumity of City Stiools,’^ Trans Am Soc 
C E, Vol 99 (1934), p 1012 

3 Dougherty, N W ‘‘A Discussion of Roid Cipuitv,” Roads and Streets, 
Vol 70, No 9 (Soptembe r 1930) p 319 

4 Thompson, J T, ‘A Sliid'v of tlu Wd^hts ind Dimensions of Trucks,” 
Public Roads, Yol 16 No 3 (Miv 1935) p 37 

5 Thompson, J T, ind Hibdin, Norman \ study of the Passing of 
Veiiiclcs on Highwa\s,” Puhh( Roads V'^ol 18 No 7 (September 1937), p 121 

6 Peabody, L F ‘Digest of Rcpoit of Aik ms is TrifTif Survey,” Public 
Roads, Vol 17, No 6 (August 1936) p 111 

7 Peabody, L E, Digest of Report on Conmiticut Triffic Suryey,” Public 
Roads, Vol 16, No 11 (Jiniixry, 1936) p 225 

8 McClintock, Millfr, 'Triffu Volume Sludiid by Shoit Time Counts,” 
Ciinl Engineering, Vol 3, No 8 (August, 1933) p 461 

9 ‘Tnereasmg the Traffic Cipuity and Safdv of Thoroughfares A Sym¬ 
posium,” Proc Am Soc C E Vol 61 No 9 (November 1937), p 1742 

10 ^‘Report of Committee on Highway Tiaffic Andy sis,” Proc Eighth An¬ 
nual Meeting, Highway Research Board, 1938 p 81 

11 Luedke, a L, and Harrison J L, ‘ Supaclev ition and Easement as 
Applied to Highway Curves,” Pubhc Ronds Vol 3 No 31, p 3 

12 Barnett, Jos, '‘Safe Side-Friction Faitors and Superelevation Design” 
Proc Highway Research Board, Vol 16, p 68 (1936) 



96 GENERAL FEATURES OF HIGHWAY DESIGN 

13. Moter, R. a., “Skidding Characteristics of Automobile Tires on Roadway 
Surfaces/' BtUletin 120, Iowa Engineering Experiment Station. 

14. Swan, H. S., 'Traffi<* C^ireles and Rotary Traffic/' Civil Engineering, Vol. 
2, No. 7 (July, 1932), p. 425. 

16. Rader, L. F., ^‘Safety Factors in Highway Design," Ciinl Engineering, Vol. 

6, No. 6 (June, 1936), p. 364. 

16. Baldock, R. H., “Higliway Design Applied to the State System (in Ore¬ 
gon)," Civil Engineering, Vol. 6, No. 10 (October, 1936), p. 643. 

17. James, E. W., ^‘Highway Safety," Engineering News-Record, Jan. 17, 1935, 

p. 102. 

18. Verplanck, E. F., “Paralleling Boston Post Road with a Superhighway," 
Engineering News-Record, March 14, 1935, p. 386. 

19. Giffin, H. W., “Freeway at Intersections," Engineering News-Record, 
Nov. 12, 1936, p. 514. 

20. Lawton, E. C., “Intercity Arterial Roads,” Engineering News-Record, 
Nov. 12, 1936, p. 685. 

21. Noble, Charle.s M , “The Modern Express Highway,” Trans. Am. Soc. 
C. E., Vol. 102, p. 1068 (1937). 

22. Moyer, R. A., “Speed Versus Safety on Straightaways," Civil Engineer¬ 
ing, Vol. 6, No. 12 (December, 1936), p. 801. 

23. Moyer, R. A., “Speed Versus Safety on Curves," Civil Engineering, Vol. 

7, No. 2 (February, 1937), p. 113. 

24. Swetland, R. M., and D^na, T. W., “Roads That Have Been Lighted," 
Engineering News-Record, Vol. 119, No. 8 (Aug. 19, 1937), p. 312. 

25. Warren, D. M , “Road Lighting in the Laboratory," Engineering News- 
Record, Vol. 119, No. 10 (Sept. 2, 1937), p. 395. 

26. Rees, Wm. N., “Tennessee Colors Concrete Lane to Speed Traffic on 
Hills," Concrete Highways and Public Improve m< nts, Vol. 21, No. 6 (Novem- 
ber-December, 1940), p. 3. 

27. Van Breeman, William, “Retiectmg Curbs Make Safer Highways," Amer¬ 
ican Builder, Vol. 63, No. 3 (March, 1941), p. 82. 

28. “Current Designs of Traffic Separators and Light-Reflecting Curbs,” Con¬ 
crete Highways and Public Improvements, Vol. 22, No. 3 (May-June, 1941), 

p. 10. 

29. Noble, Charles M.. “Engineering Design of Superhighways," Proc. Amer¬ 
ican Roadbuilders' Assoc., 1941, p. 183. 

30. “White Cement Crosswalks for Safety,” Staff Artich', Concrete Highways 
and Public Improvements, Vol. 21, No. 6 (November-December, 1940), p. 10, 

31. “Report of the Committee on Cross S<*ctions and Road.side Develop¬ 
ment,” Proc. American Road Buildi rs* Assoc., 1938, p. 307. 

32. Nichoi>s, a. R., “High.vay Design: Its Relation to Landscape Objectives," 
Proc. Highway Risearch Board, Vol. 17 (1937), p. 269. 

33. Aust, Franz A., and Zikkzow, V. M., ‘‘Slope Ero.sion,” Highway Maga¬ 
zine, October, 1937, p. 220. 

34. “Report of the Joint Committee on Roadside Development of the Amer¬ 
ican Association of State Highway Officials and The Highway Research Board,” 
Proc. Highway Research Board, Vol. 18 (1938), Part I, pp. 186-220. 

35. Stonex, Kenneth A., and Noble, Charles M., “Curve De.sign and Teats 
on the Pennsylvania Turnpike,” Proc. Highway Research Board, Vol. 20 (1940), 
p. 429. 



CHAPTER V 


EARTHWORK 

Scope. The earthwork, or grading operations, in connection with 
highway or street improvement, embraces excavation and the forma¬ 
tion of embankments, and may include clearing and grubbing and 
other operations, such as seeding, sodding, moving of fences, and 
various roadside improvements. 

Clearing and Grubbing. Clearing consists of the removal of trees, 
brush, logs, and debris; and grubbing consists of the removal of roots 
and stumps. Both these items of work usually are small in volume 
on rural road improvement but may be large on new locations. 

GRADING MACHINERY 

Loosening Equipment. Separate equipment sometimes is neces¬ 
sary for loosening earth prior to excavation, but many types of 
excavating machines require no loosening. Blade graders, elevating 
graders, and power shovels generally do their own loosening. Plows, 
scarifiers, and road rooters are used to loosen earth and old low-type 
wearing surfaces for scraper excavation. The ordinary mold-board 
plow and tlie railroad plow arc suitable on small operations in con¬ 
nection with horse-drawn scraper excavation. Heavy graders 
equipped with heavy scarifier teeth are very satisfactory scarifiers. 
Road rooters consist of heavy, curved teeth mounted on a framework 
carried by wheels and are frequently used in connection with blade 
graders and scrapers. 

Scrapers. Scra{)ers for excavation are of many types and may 
be classified roughly as horse-drawn and tractor-drawn. 

Horse-Drawn Scrapers. Horse-drawn scrapers were widely used 
at one time but have become almost obsolete as the result of the 
development of crawler-type tractors. The slip, or drag, scraper, the 
Fresno scraper, and the two-wheel scraper were the most common 
scrapers and still are found to some extent on small operations. 

Tractor-Drawn Scrapers. A large number of tractor-drawn scrap¬ 
ers are available for excavation; they range in capacity from 1 to 
12 cu yd. Some of these scrapers are drag scrapers, that is, they 
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scoop up the earth and drag it over the ground; these are best 
adapted to grading operations in which the excavated earth is placed 
in nearby embankments. The type of scraper illustrated in Fig. 41 
is built in several sizes up to 12-cu-yd capacity and is adaptable to 
long hauls up to 2000 ft or more. 

Blade Graders. Blade graders are made with blades ranging in 
length from 7 to 14 ft and are used for both construction and main¬ 
tenance operations. They arc especially useful for forming grades 
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Kic; 41 Twoho-Aaid liactoi-diawn wind sti.iixi 

where the amount of longitudinal movenumt of earth ih small and 
where the subgrade or earth road surface and the ditches or gutters 
are built simultaneously by moving earth from the sides to the center 
of the roadway. They are effective in combination with scrapers and 
power shovels for loosening earth, making side slopes, forming shal¬ 
low ditches or gutters, shaping shoulders, and forming and shaping 
subgrades and earth wearing surfaces. An 8-ft grader ordinarily re¬ 
quires a 35- to 40-hp crawler-type tractor; a 10-ft grader requires a 
50- to 65-hp tractor; and 12- to 14-ft graders require 75- to 100-hp 
tractors. Graders used for forming grades should be of the leaning 
wheel, “high-lift” type. The high-lift arrangement permits swinging 
the blade outward beyond the outside wheel line to cut a bank slope. 
An independent scarifier (that is, mounted separately from the grader 
blade) is a desirable accessory for blade graders. Blade graders of 
larger size may be obtained with power units for operating the blades 
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which otherwise require a large amount of hard physical work on the 
part of the operator. 

The self-propelled grader (see Fig. 80) is for forming subgrades 
and earth road surfaces under favorable conditions but is more widely 
used on maintenance operations than on construction operations. 

Elevating Graders. The elevating grader consists of a steel frame 
mounted on two-wheel trucks, the rear wheels having a much greater 
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(liaineter tiian the front wheels Tins st(*el frame caines a plow and 
a transverse, inclined endless belt. The inclination and the length of 
the belt are changeable Either a mold-board or a disc plow may be 
used for loosening the earth, which is then carried up on the inclined 
belt and dumped into wagons or deposited in banks parallel to the 
excavation. Elevating graders may be obtained in several sizes. One 
standard make weighs about 15,000 lb and has a 48-in. carrier with 
adjustable lengths from 19 to 25 ft The elevating grader has a 
rather restricted field of use on highway construction It is most effi¬ 
cient cn nearly level ground, and soil conditions must be favorable; 
very light soils cannot be lifted onto the conveyor belt; wet, sticky 
soils are hard to excavate, and boulders and roots make it impossible 
to operate an elevating grader. It is useful for excavating wide 
shoulders and flat ditch slopes on semi-improved roads where the ex- 
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cavated soil must l>e moved for long distances in trucks. The stand** 
ard size of elevating grader will excavate 40 to 80 cu yd per hr under 
average condition.s. 

Power Shovels, (lasoline and Diesel-driven shovels are widely 
used on highway and street grading operations and are operated in 
connection with motor trucks and various types of dump wagons or 
trailers hauled by motor trucks or tractors. Self-propelled shovels 
mounted on crawler treads are used almost exclusively, and their sizes 
are controlled by the convenience and cost of transporting them on 
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trailers and by legal limitations on the size and weight of vehicles 
which may be hauled on highways and streets The dipper capacities 
ot shovels therefore range Irom % to 1 cu yd; occasionally 1%-cu-yd 
shovels are used, but they generally are too cumbersome to transport 
on trailers. Full revolving shovels are desirable for convenience in 
loading Truck-mounted shovels are employed to some extent as they 
possess the advantage of rapid mobility; they necessarily are re¬ 
stricted to small sizes and therefore are economical on small improve¬ 
ment projects; their greatest value is on maintenance operations and 
for loading of materials. 

The field of use of power shovels is large. They generally are 
most economical on projects involving large volumes of excavation 
and long hauls, but they also are efficient for handling long sections 
of shallow excavation where prior loosening is unnecessary. For this 
reason, in addition to their ability to work to very close limits, they 
are widely used for excavating old gravel, broken stone, and similar 
wearing surfaces on roads and streets. Since street pavements are 
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generally depressed below the natural ground surface, the earthwork 
on streets consists almost entirely of excavation which must be hauled 
to some convenient location for disposal; power shovels, therefore, 
are ideal machines for excavating streets prior to paving. The capaci¬ 
ties of shovels of the sizes mentioned vary from about 20 to 50 cu yd 
per hr, depending on their size, the nature of the excavation, and the 
amount of moving necessary. 

Motor trucks are the most satisfactory hauling vehicles for shovel 
excavation if the road or ground s\irface over which they must travel 



C'ourteay uj K B hquipmcnt Co. 


Fig. 46. Power-operated subgrading machine in use on a concrete paving project. 

is suitable for their operation. The mo«t efficient size of truck de¬ 
pends upon the length of haul of the excavated material. Trucks 
having dump bodies of 2- to 3-cu-yd capacity are generally satisfac¬ 
tory for short hauls up to 2000 to 3000 ft. Truck trailers equipped 
with dump bodies are sometimes used under favorable hauling con¬ 
ditions. When hauling conditions for motor trucks are unfavorable 
and the character of the excavation is not adaptable to scraper oper¬ 
ation, tractor-drawn wagons or buggies must be resorted to. 

Cranes and Drag Lines. On highway grading projects, cranes are 
frequently equipped with clam shells or drag line buckets, and drag 
line cableways. The former are useful for some excavation and back¬ 
filling operations for structures and also for excavating and filling 
swamps and sinkholes. 

Bulldozers. A bulldozer consists of a heavy steel blade which is 
mounted on a frame attached to a crawler-type tractor and is useful 
for backfilling and pushing earth over the sides and ends of embank¬ 
ments. 

Rollers. Rollers are used in connection with grading operations 
for compacting subgrades under wearing courses, for compacting 
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shoulders, and for consolidating embankments. The 10-ton, three- 
wheel roller is quite generally favored for rolling subgrades and 
shoulders, although tandem rollers occasionally are used. So-called 
"tamping” rollers for consolidating embankments of appreciable thick¬ 
ness generally are of the “sheepsfoot” type illustrated in Fig. 45. 
This roller consists of a steel drum on which projecting “feet” are 
mounted; the'weight of the roller may be increased by filling the 
drum with water. Sectional rollers, consisting of heavy discs mounted 
on a single or separate axles, also are used. 
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Subgrading Machines and Shoulder Finishers. Subgrades and 
finishing shoulders on low-, intermediate-, and high-type roads are 
prepared by blade graders Special machines are also used for these 
operations and are particularly adaptable to long sections of high- 
type roads (See Figs. 46 and 47) 

GRADING OPERATIONS 

Hand Methods. Hand work in connection with grading operations 
on roads and streets usually is limited to the trimming of outside 
slopes, digging trenches, excavating for structures, and supplementing 
machine operations in final trimming and smoothing of slopes. 

Selection of Machine Methods. The selection of grading machin¬ 
ery for a specific grading project will be controlled by a large number 
of conditions but principally by the quantity and distribution of the 
material to be excavated, the length and condition of haul, and re¬ 
quirements relative to compaction of embankments. 
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Formation of Grades with Blade Graders. The formation of 
grades with a heavy blade grader consists essentially of three opera¬ 
tions: first, the excavation of the ditches or gutters and the deposition 
of the earth on the shoulders; second, the transfer of the earth from 
the shoulders over the entire cross-scction; and third, finishing or 
smoothing the grade to the required cross-section. 

Before starting work with the grader, a row of stakes should be 
set about 100 to 200 ft apart on line with the bottom of the gutter 
if a V-shaped section is to be used, or on line with the outside bottom 
edge of the gutter or ditch if a trapezoidal section is to be formed. 
These stakes are for the purpose of aiding the operators of the grader 
and tractor in making the first cut with the grader; as they are im¬ 
mediately destroyed, they should be relatively light so as not to inter¬ 
fere with the operation of the grader. 

The numb(T of ditch cuts depends ujxm the depth and width of 
the ditch or gutter to be formed, but generally two preliminary cuts, 
only, arc necessary. These cuts are made most effectively with the 
blade of the grader set at an angle of approximately 60° with the 
longitudinal axis of the road. A later cut, with the blade swung out 
to cut the outside slope of the ditch, is usually made after most of the 
earth has been spread on the roadway and shoulders; the outside 
ditch slope may be cut by a backsloping attachment instead of by 
the blade. The first ditch cut should do little more than cut and 
break up the sod on the surface of the ground and transfer it to the 
shoulder. The second ditch cut should be made before any material 
is transferred toward the center of the roadway. If care then is ob¬ 
served by the grader operator in not setting the blade too low in mov¬ 
ing the earth over the shoulder, the clods of sod will remain on the 
shoulder instead of being transferred to the roadway. The transfer 
of sod to the roadway is not very objectionable if a light-traffic road 
is being improved and the natural earth surface will be used for traffic 
or the construction of a low-type surface will not follow immediately 
after grading. The finishing of the grade will break up the clumps of 
sod, and the grass and other vegetation ordinarily will soon disappear. 

The surface of an earth grade is usually somewhat loose and rough 
after shaping, and the next operation consists of smoothing it. If the 
earth surface is to be the wearing surface, the grade is finished to the 
required cross-section. When a separate wearing surface is to be 
placed, a flat cross-section often is formed; clay subgrades, however, 
should be shaped so as to drain to the sides. 

Excavation with Scrapers. Generally, before excavation, the area 
to be excavated must be loosened, and roa<l I’ooters or scarifiers at- 
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tach6d to graders are used extensively for this purpose. Blade graders 
are commonly operated in connection with scrapers^ and the graders 
themselves often may be used directly for loosening. If a large 
amount of side-cutting of high banks is involved, power shovels usu¬ 
ally are desirable, but low side banks may be cut down by graders 
and the excavated material can then be transported to embankments 
by scrapers. 

Borrow Excavation. On roads on which grade reduction is un¬ 
necessary, and on roads on which the volume of excavation will be 
insufficient, embankments are often formed by borrow excavation. 
Borrow pits alongside roadways are objectionable unless they are 
higher than the roadway and can be excavated and trimmed so as not 
to present an unsightly appearance afterwards. All borrow pits 
should be carefully cross-sectioned before and after excavation in 
order to determine the quantity of earth excavated. 

Borrow excavation is generally necessary when objectionable sub¬ 
grade soils are replaced, when blanket courses are constructed on 
subgrades, and on locations where the subgrade soil is unsuitable for 
shoulders. 

Formation and Compaction of Embankments. Earth embank¬ 
ments should be placed in thin layers in order to secure compaction, 
starting with the full width of the embankment at the base and de¬ 
creasing the width in accordance witli the required slopes as the fill 
is carried up Dumping over the sides or ends of embankments is 
objectionable because the earth is not well compacted. Lack of bond 
between the old embankment and the new material may also result in 
slipping of the fill on sides of old narrow embankments or on hill¬ 
sides. The thorough compaction of side fills, either on hillsides or on 
the sides of existing embankments, by means of rollers, is impracti¬ 
cable, and when thorough consolidation is to be obtained under such 
conditions, it is necessary to excavate ax . move the earth laterally in 
layers which are sufficiently thin to be compacted by means of rollers. 
This procedure generally is not difficult on old embankments and may 
often be accomplished by means of road rooters and graders or by 
means of graders with scarifier attachments. Compaction of embank¬ 
ments on sidehill locations is difficult, howTver, and excavation to a 
comparatively flat subgrade may be necessary when thorough con¬ 
solidation is essential. It should be apparent that complete consoli¬ 
dation of embankments by artificial means is unnecessary on many 
locations, particularly on land-service or other roads on which only 
light traffic is encountered; natural settleunent of embankments on 
such roads is not only leasihle but may be necessary for reasons of 
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economy. When embankments are placed on sidehill locations or old 
embankments are widened by the addition of new material; the in¬ 
clined slopes should be roughened by means of rooters or plows to 
provide bond between the existing surface and the new fill. 

The consolidation of embankments is secured by means of the 
grading machinery for forming the embankment, by natural settle¬ 
ment, and by rolling. Wheel serai)ers, tractors, and wagons assist in 
compacting embankments owing to their weight and its distribution. 

The artificial com[)acti()n of embankments on which medium- and 
high-type wearing surfaces are to be constructed is often an impor¬ 
tant feature of road construction on state and county through-high¬ 
ways. In some locations the selection of suitable material and the 
careful design of the side slopes must be considered in order to pre¬ 
vent excessive settlement, slides, and excessive erosion. 

The compaction of the soil in an embankment depends upon the 
nature and condition of the soil on which the embankment wall be 
placed, upon the soil placed in the embankment, upon the moisture 
content of the soil at the time it is compacted, and upon the method 
employed for compaction, 

Unsatisfactory soils occurring below the proposed locations of 
embankments may be treated by several methods which wall be de¬ 
scribed later in this chapter. The vertical consolidation of some soils 
below embankments may be hastened by drainage. In general, most 
good soils will show but little consolidation resulting from overlying 
embankments. 

Sandy soils often do not require extensive compaction, but clays 
and mixtures of clay and sand compact well under rolling wdien the 
moisture content is properly controlled. Silty soils, unless containing 
sufficient cohesive clay to i)revent the capillary movement of water, 
are generally not satisfactory for embankments. 

Experimentation and experience have showm that effective com¬ 
paction of good soils can be secured only wdien the moisture content 
is controlled. The optimum moisture content and the maximum den¬ 
sity of the soil may be determined by the Proctor test described in 
Chapter II and are employed as a measure of the compaction secured 
on embankments wdiich are artificially compacted. Sheepsfoot rollers 
are utilized almost universally for compaction of embankments. Tests 
of soils for moisture content are made, and soils containing insuffi¬ 
cient moisture are sprinkled and soils containing an excess of moisture 
are allowed to dry. The thickness of the layer of soil is a very im¬ 
portant factor and generally is restricted to a maximum of 8 in., loose 
measure. 
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The determination of safe slopes and heights of embankments is 
a complex problem, and engineering literature during the past several 
years has been filled to overflowing with theoretical studies of the 
stability of embankments. The results of these studies often are con¬ 
flicting and difficult to apply in practice The subject is too large for 
treatment in this volume and the interested reader is referred to the 
bibliography at the end of this chapter. 

Shaping of Subgrades. The economical placing of wearing courses 
requires the accurate shaping of subgrades. Subgrades for flexible 
types of wearing courses may be formed by means of blade graders 
for both trench and surface methods of construction. Subgrading 
machines often are used in connection with side forms. The shaping 
of subgrades will be discussed in connection with descriptions of meth¬ 
ods of constructing various types of wearing courses and pavements. 

Finishing Shoulders and Side Slopes. Shoulders and side slopes 
are finished by means of blade graders, special shoulder-finishing 
machines, and hand trimming. The use of shoulder-finishing ma¬ 
chines generally is confined to high-type pavements. Some hand 
finishing usually is necessary on all grading operations, but excessive 
hand finishing should be avoided on account of co^i 

The compaction of shoulders is essential on flexible types of wear¬ 
ing courses to provide side support for the roadway but also is desir¬ 
able on rigid pavements to support vehicles which may use the 
shoulder for parking or emergencies. 

Excavation for Structures. Excavation for bridges, culverts, re¬ 
taining walls, pipe drains, and other structures is usually a hand 
operation on small structures or a combination of hand and machine 
work on large structures Truck cranes and crawler-type cranes are 
generally used on bridge and culvert excavation, which may be 
handled from the adjacent roadway grade. 

Trenching machines are adaptable to the excavation of trenches 
for pipe drains when the amount of excavation and the condition and 
contour of the ground surface arc favorable to their operation. Open 
ditches for cross-drainage may frequently be formed by means of 
blade graders, but generally hand methods are used, either alone or 
in combination with graders and scrapers. 

Seeding and Sodding. The seeding and sodding of shoulders and 
side slopes are practiced both to prevent erosion and to improve the 
appearance of highways. Both operations arc expensive, and for the 
latter purpose they naturally have been restricted to the more im¬ 
portant highways. 
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Seeding should be done as soon as possible after grading opera¬ 
tions have been completed. Seeding should be at the rate ol 60 to 
70 lb per acre, and all surfaces should be lightly harrowed or raked 
to cover the seeds. 

Sod is usuBlIy put on slopes and must be placed with a great deal 
of care. The sod is cut into strips about 10 to 12 in. in width by 
hand or by special cutters hauled by a team or tractor. Sod should 
be taken from soils which are similar to the soils on which it is to be 
placed and should be removed to the full depth of the roots. The 
tops and bottoms of slopes should be rounded, and the ground surface 
should be smoothed to the regular shape and slope. The sod should 
be placed in rows i)arallel to the center line of the road, beginning at 
the toe of tli(‘ slopes, and each strip of sod should be lightly tamped 
with the flat side of a shovel to close the joints. The top edge of the 
last rows of sod should be turned slightly into the face of the ground 
and covered with a thin layer of earth, which is then compacted so 
as to cause surface water to run over the sod. When sod is placed 
on high slopes (more than 6 to 8 ft high) it is desirable to secure the 
sod to the earth below by means of wooden pegs about 12 in. long 
and 1» in. thick which arc placed in every second or third layer of sod 
and spaced about 18 in. apart in the rows. 

Mulching. Deep excavation for highways generally exposes in¬ 
fertile subsoil on which successful seeding, and even sodding, is diffi¬ 
cult. The application of mulches to sterile slopes has proved effec¬ 
tive. Many kinds of mulches have been successful, but local organic 
materials such as roadside mowings, weed straw, and woods litter are 
often the most practicable. Light applications of mulch arc desirable 
to permit free air circulation. The mulch must remain in close con¬ 
tact with the soil surface, and on all but gentle slopes it is necessary 
to hold it in place by an overlayer of brush or poles, by means of 
stakes, or by placing a shovelful of tight soil on top of the mulch. 
During the first growing season the surfaces treated with the mulch 
will be covered with weeds and briars, which will be followed in two 
to three years by sod. Sod-forrning grasses may be added to the 
decomposing mulches. 

Preservation of Trees. Koadw^ay excavation and embankment 
operations often interfere with existing roadside trees. Fills of non- 
porous soils over the base of trees may cut off the supply of oxygen 
and the escape of waste gases from the roots, and cuts may lower the 
water table to such an extent that an insufficient supply of moisture 
is left for dissolving and transporting the minerals which are essential 
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for the continued life of the trees. In many cases it is possible to 
preserve trees by artificially controlling the air and water in the soil 
Trees at or near the tops of excavation slopes may be protected 
by constructing a rock wall to prevent erosion, to retain sufiicient 
moisture for tree growth, and to permit aeration and drainage of the 
root systems. Any clay fill over the base of trees is detrimental. 
Some trees, notably poplar, elm, and locust, will withstand sand fills 
up to 12 in. in depth, but others, including maple, oak, birch, beech, 
and hickory, appear to be sensitive to even very shallow fills. The 
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Fia 48 Details of a tree well for preser\ at ion of a tiee on a proposed fill. 

{A Robert Thomp'ion ) 


favored method for fills consists of building tree wells or placing a 
coarse rock fill around the tree. 

A tree well is constructed by first placing drain tile or perforated 
metal pipe on the original ground surface around the tree, with verti¬ 
cal bell-end tile or sewer ])i])c at intervals extending to the new 
ground surface, as shown m Fig. 48. A cone of coarse stone is then 
jilaced ov(*r th(‘ tile or pipe and a dry well built up with coarse stone 
about 20 to 30 in from the trunk of the tree. A layer of fine stone 
or gravel is ])laced on the rock cone, covered with a layer of hay or 
straw, and the fill then is completed to grade. The dry well may be 
left open or filled with coarse sand or fine gravel and charcoal. Some¬ 
times the tree well is omitted and the rock cone placed up to the 
trunk of the tree with its top at the new ground surface. If the nat¬ 
ural ground surface has a good slope, the tile is sometimes omitted. 

Classification and Measurement of Excavation, (trading opera¬ 
tions on highway improvement generally involve excavation for 
various purposes, and, on contract work, at unit prices, the grading 
quantities are usually separated into several items according to the 
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nature of the work. The following items are representative of this 
practice: 

Roadway excavation. 

Channel excavation. 

Excavation for structures. 

Ditch excavation (usually applied to ditches for cross-drain¬ 
age). 

Borrow excavation. 

Machine grading (applied to the fonnatitm of roadways and 
shoulders by means of blade graders). 

Overhaul of excavation. 

When two or more different materials arc encountered on projects 
to be improved under tlie contract syst(‘in and in such quantities as 
to render it necessary to i)erforin, on a somewhat large scale, more 
than one distinct type of oj)eration, it is desirable to classify the ma¬ 
terials into separate contract items. Any method of classification 
must necessarily be arbitrary, there being no scientific distinction 
between the various materials of excavation. In general, the classifi¬ 
cations which have been adopted have been based on the difficulty of 
loosening and on the volume of consolidated masses, and include two 
or three separate classes: earth (or common) excavation, loose rock, 
and solid rock; or merely earth excavation and rock (‘xcavation. The 
line between earth and loose rock excavation is very difficult to define. 
The following specification illustrates an unsatisfactory definition of 
earth excavation: 

Earth excavation shall include all boulders, Yj, cu yd or less in 
volume; all deposits of gravel, sand, loam; clay layers, veins, or seams; 
veins or layers of ferruginous cemented sand; peat and marl de})()sits; 
soft and decomj^osed deposits of sandstone, shale, or s(‘hist; and all 
other materials that can be removed without blasting by hand or with 
a power shovel of capacity that is in good working condition. 

It now is common practice to define rock excavation or solid rock 
excavation and loose rock excavation quite carefully and specify 
that ^^all material not classed as loose or solid rock (t)r as rock) shall 
be classed as earth (or common) excavation.” The following defini¬ 
tions of solid rock excavation, loose rock excavation, and rock excava¬ 
tion are representative of present practice: 

Solid rock excavation shall comprise rock in solid beds or masses 
in its original position which requires blasting for removal, and boul¬ 
ders or detached masses of rock having a volume of 1 cu yd or more. 

Loose rock excavation shall comprise all detached masses of rock 
or boulders having a volume of more than 1 cu ft and less than 1 cu yd, 
and all other rock which (jan be properly removed by barring and 
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picking, although power shovels or blasting may be used to facilitate 
the work. 

Rock excavation shall comprise rock in solid beds or masses in its 
original position which requires blasting for removal, and boulders or 
detached masses of rock having a volume of 13 cu ft or more. 

SWAMP FILL CONSTRUCTION 

Swamps, peat bogs, and “sinkholes’^ often present a perplexing 
problem to highway engineers and administrative officials. The na¬ 
ture and composition of the materials encountered in such areas were 
described in Chapter II. Unless the condition extends over only a 
very small space, the most satisfactory solution consists of the reloca¬ 
tion of roads around it; relocation, however, may be impracticable, 
and various methods are followed for constructing and consolidating 
fills on these locations. These methods consist of gravity subsidence 
(or natural settlement) of fills, excavation of the unsatisfactory ma¬ 
terial, dis})lacement of the unstable material, or various, combinations 
of these processes. 

Gravity Subsidence. The consolidation of embankments over soft 
subsoils by natural settlement and subsidence l as been practiced 
since early times. In many instances, final settlement may require 
long periods of time, and for this reason gravity subsidence is not 
satisfactory for roads on which rigid pavements or costly types of 
flexible pavements are required, (iravity subsidenc(‘ is not entirely 
objectionable on light-traffic roails, particularly if arrangements are 
made to add material to the fills at more or less regular intervals to 
take care of the subsidence. The total cost over a long period of 
years may be large but may not exceed the cost of other methods, 
and gradual filling i)ossesses the advantage of utilizing normal annual 
budgets rather than concentrating a large ex])enditure in a single 
year. 

Excavation Methods. C/omplete excavation of peat and muck 
subsoils is practiced on roafls on ne\\ locations on which costly types 
of wearing surfaces are required. The excavation of stable soil ma¬ 
terial in existing embankments, unless very small in amount, is usu¬ 
ally impracticable, and other methods, which will be described later, 
are adopted. C’om])lete excavation is considered practicable up to 
depths of 8 to 15 ft and may be practicable for greater depths on 
very short lengths of fills. 

Cranes equij^ped with clam shell or dragline buckets are generally 
used for excavating, and filling should accompany excavation to pre¬ 
vent the remaining peat or muck from moving in from the sides to 
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refill the exeavatcd area. A typical crofis-section of a fill con.structed 
by thi« method is shown in Fig. 49. 

Existing fills oJ‘ large size and possessing much stability are often 
widened by excavating and backfilling trenches at the side, as illus¬ 
trated in Fig. 50. The backfilling proceeds simultaneously with the 



CoHrtcMif of )tn-fn(/an State Iligliieny Department. 
Fig. 49. Typical cross-section for lolal excavation throupjli shallow jieat swamps. 

excavation as in the previously described case. This procedure is 
applicable to comparatively shallow depths, and the side trenches 
may be excavated completely or only partly. 

Displacement Methods. Excavation of deep layers of muck and 
peat by machinery is inii)racticable, and the construction and consoli- 



Fig. 50. Typical crohs-s('ction for partial cxca\a(ion thioiiKh shallow jicat swamps 
when stability and size of existing fill make total e-\ca\ation impracticable. 

dation of fills on such areas may be accomplished by disiilacing the 
soft subsoil by jetting with water or by means of explosives. This 
procedure is particularly adaptable to locations on which an existing 
fill must be widened and consolidated; it is illustrated in P'ig. 51. 

Jetting is performed by pumping water through a series of jiijies 
which are placed in bored holes along the embankment to be settled. 
Jetting pipes are usually placed in two rows, one on each side of the 
embankment, are spaced from 10 to 25 ft apart in the rows, and ex¬ 
tend into the peat or muck for about two-thirds of its depth. The 
filling proceeds simultaneously with the jetting, and the jetting usu¬ 
ally covers an area extending about 40 to 75 ft in front of the new 
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fill. Side trendies may be excavated along the sides of the old fill 
to accelerate the displacement of the soft material. Jetting also is 
practiced on deep fills on new locations. This method, of course, is 
possible only when a large supply of water is available. Ten to fif¬ 
teen jets are generally operated at the same time. 

Blasting frequently is substituted for jetting but is somewhat less 
effective because it cannot be as completely controlled. The blasting 
procedure may involve preliminary blasting of the peat or muck be- 



Courti sy of Viefttgan Slate Highway Department 

Fig 51. Condition of liighwav fmbankment through <i deep swamp where jetting 
or blasting mav be used to stabilize the fill 


lore filling, which is followed by deep blasting after placing the fill. 
Preliminary blasting sometiii'cs is omitted, and on locations having 
old fills in place blasting may be confined to the sides of the old em¬ 
bankment. 

Displacement methods have been successful for constructing fills 
up to 50 ft or more in depth. 

Nature of Filling Material. The selection of suitable material for 
the construction of embankments over swamps and peat bogs is a 
very important feature of the work. Clay softens in contact with 
water and tends to flow^ laterally; jetting ofierations accelerate this 
lateral flow. Sandy and gravelly soils, therefore, are desirable. 

Combination Methods. Numerous combination methods which 
utilize gravity subsidence and partial excavation are also used. Ex¬ 
cavation of the surface mat, only, followed by filling, is effective for 
shallow depths but should be practiced only on light-traffic roads. 
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Coutt(8if of Muhiqan State Highuay f>(partment 


Fif. 52 Jetting a highway embankment over ‘^oft subsoil 



iourttsy of Uichignn SUitf Uxylui uy luparttm nt 
Fk. 53 Displacement of soft subsoil below highway embankment by blasting 
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Partial excavation and gravity subsidence are adaptable in locations 
near buildings and bridges where jetting or blasting might result in 
damage to these structures. 

Pile Bent Foundations for Rigid Pavements. The Division of 
Highways of the Illinois Department of Public Works has employed 
pile bent foundations for supporting concrete pavements across peat 
bogs and swampy areas, and a typical design is shown in Fig. 54. 
Generally, expansion joints are provided every 100 ft, and the pave- 



Fjcj 54 Dc'sign of pilo bent foumiatioii for conm*to i)Lnonirnt .ktoss swampy 

areas 


ment is continuous bet^^een the joints, being supported on pile bents 
17 ft apart at the ends and at intermediate distances of 22 ft. The 
end of each adjacent slab of the pavement jilaced on the subgrade is 
supported on a cap on the end bent cast separately from the pave¬ 
ment, and the thickness of each adjacent slab is increased, in a dis¬ 
tance of 7 ft, from the regular slab thickness to the thickness of the 
pile-supported slab at the cap center. 
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CHAPTER VI 


BITUMINOUS MATERIALS 

Bitumen, an organic material of very complex structure, is de¬ 
fined by the American Society for Testing Materials as “a mixture 
of native or pyrogcnous hydrocarbons and their non-metallic deriva¬ 
tives, which may be gases, liquids, viscous liquids, or solids, and 
which are soluble in carbon disulphide.” The term bituminous ma¬ 
terial is used to describe materials consisting principally of bitumen 
or containing bitumen. Bituminous materials are valuable for vari¬ 
ous highway and street purposes because of their cementing and 
waterproofing properties. The bituminous materials used in the im¬ 
provement and maintenance of roads and streets consist of asphalt 
products, which arc obtained from natural asphalt deposits or are 
produced from petroleum, and tar products, which are obtained in 
the manufacture of gas or coke from bituminous coal and in the man¬ 
ufacture of carburetted water-gas from petroleum distillates. 


SOURCES OF ASPHALT 

Native Asphalt. Native asphalt is found in lakes, in land deposits 
resulting from the overflow of lakes, in springs which exude soft 
bitumens, in fissures in the earth which contain a hard and brittle 
asphalt, and in rock deposits in which the asphalt impregnates the 
rock. Rock asphalt is not used as a source of asphalt, and its occur¬ 
rence, production, and uses will be described separately. Several 
theories have been advanced to explain the origin of native asphalt 
but will not be discussed here except to state that there is a strong 
probability that native asphalt was formed from asphaltic petroleum 
under the action of heat, pressure, and evaporation. 

The largest and most important sources of native asphalt are the 
island of Trinidad and Venezuela. Both land and lake deposits are 
found on the island of Trinidad, but the lake deposit is used almost 
entirely. The crude Trinidad lake asphalt is a uniform mixture of 
water, gas, fine sand, clay, and bitumen, the bitumen content being 
about 39 per cent. Refined Trinidad lake asphalt contains approxi- 

117 



118 BITUMINOUS MATERIALS 

mately 57 per cent bitumen and 43 per cent mineral matter and is 
too hard for direct use; it is softened by mixing with a softer petro^ 
leum asphalt residue. Bermudez asphalt occurs in a shallow lake in 
Venezuela and is much more variable in composition than Trinidad 
lake asphalt, the bitumen content ranging from about 45 to 88 per 
cent. Most of the impurities are removed in refining, and the refined 
asphalt usually contains from about 92 to 97 per cent of bitumen. 
Refined Bermudez asphalt is softer than Trinidad asphalt but is too 
hard for most road and street uses and is softened by mixing with a 
softer petroleum asphalt. 

Other native asphalts include gilsonite and grahamite, which are 
found in rock fissures, principally in Utah and Oklahoma, respec¬ 
tively, and Cuban asphalt. Gilsonite and grahamite are used less 
extensively now than in former years; gilsonite is used to some extent 
in cold-laid paving mixtures. Native asphalt from various local 
sources is used in C^uba for hot-mix asphalt pavements and is fluxed 
to the desired consistency. 

Petroleum Asphalt. Petroleums vary widely in their chemical 
composition and physical characteristics and are usually classified as 
asphaltic petroleums, which yield asphaltic residues, and as paraffin 
petroleums, which yield semi-solid paraffins with coke as the final 
residual product. Asphaltic petroleums from Mexico and California 
once were used exclusively to produce asphaltic products for road and 
street purposes, but many other petroleums now serve as sources of 
these materials. 


SOURCES OF TAR 

Manufacture of Coal Tar. In the manufacture of coal tar, the 
bituminous coal is charged into retorts or ovens where it is heated to 
high temperatures which drive off the volatile matter in the coal. 
The gases thus driven oft* are conducted by means of pipes to a closed 
trough, known as a hydraulic main, which is partly filled with water. 
A large percentage of the tar condenses out in the water in this trough 
and is removed. The gases pass on to a condenser, which may be 
cooled by either air or water. More tar condenses here and is drawn 
off. The gases are then passed through a device known as a scrubber, 
of which there are several varieties. By means of water sprays oper¬ 
ated in connection with screens or baffle plates, the rest of the tar is 
extracted and is drawn off from the bottom of the scrubber. 

Manufacture of Water-Gas Tar. Water-gas is manufactured by 
allowing steam to come into contact with anthracite coal or coke 
which has been heated to the point of incandescence. Water-gas is 
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non-luminous, and when illuminating gas is desired it is enriched 
with a petroleum distillate, the product known as gas-oil being usu¬ 
ally employed. The oil is sprayed into a carbureter where it mixes 
with the water-gas and is vaporized. The mixture of gas and oil then 
passes into a chamber partly filled with brick, which is known as a 
super-heater and in which the temperature' is maintained high enough 
to ‘^crack^’ the oil. The lighter hydrocarbons formed in this process 
are gaseous and burn with a luminous flame. Heavy products are 
also formed and are later condensed to form water-gas tar. 

REFINING PROCESSES 

The principal refining processes in connection with the manu¬ 
facture of bituminous materials are sedimentation, dehydration, 
distillation, fluxing, emulsification, and air-blowing. 

Sedimentation. Native asphalts and crude petroleums contain 
some water and mineral and vegetable matter. These impurities may 
be removed to a large extent by merely allowing the material to set¬ 
tle so that a mechanical separation, due to differences in specific 
gravity, occurs. The heavier native asphalts mus< be heated to 
render them sufficiently fluid to enable sedimentation to take i)lace. 

Dehydration. Some materials do not readily eliminate water by 
sedimentation and it is necessary to remove the water by the applica¬ 
tion of heat. The various types of dehydrating plants will not be 
described in detail. Two principal devices are used. In one, known 
as a topping plant, the crude material is pumi)ed through heated 
pipes wffiich change the water into steam as the material is discharged, 
allowing the heavier bitumen to be collected separately. In another 
type of j)lant, for dehydrating tars, the crude material passes over 
heated baffle jflates which separate the water and light oils from the 
heavier tar. 

Fractional Distillation. Fractional distillation consists of the 
mechanical separation of the various products or “fractions” in the 
original materials without chemical change. Both crude asphalt¬ 
bearing petroleums and tars are refined by this process. Two products 
are formed in the distillation process: distillates, which are vaporized 
and are collected by condensing; and residues, which arc heavier 
products and remain in the still. Both batch and continuous processes 
of distillation are employed in the production of asphalt products. 

Destructive Distillation. Destructive distillation involves the re¬ 
moval of all the lighter constituents in the crude material until only 
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coke is left behind in the still. This process is carried out when large 
quantities of distillates are desired. 

Cracking. Cracking may be described as that process of distilla¬ 
tion which causes the constituents of the material in the still to break 
up into entirely different substances; in other words, chemical change 
takes place. Cracking is most effectively produced by distilling under 
pressure, although it will occur to a lesser extent if the material in a 
still not under pressure is not agitated mechanically or by steam. 
The cracking process increases the yield of the lighter distillates, 
which are usually the most valuable fractions of the original material. 
Residues from the cracking process formerly were infrequently used 
for highway purposes, but cracked liquid residual products are now 
used in very large quantities, and heavier residues to some extent in 
the manufacture of cut-back asphalts. 

Emulsification. Asphalts are not soluble in water, but emulsions 
of asphalt and water serve many road and street purposes. The water 
evaporates and leaves the asphalt in place, and the action of emul¬ 
sions, therefore, is very similar to that of cut-back asphalts. Asphalt 
emulsions are suspensions of very small globules of asphalt in water 
which depend for their stability on emulsifying agents. The common¬ 
est emulsifying agents are soaps and an alkaline liquor. 

Some emulsions may be produced in a tank by agitation during 
mixing, but others arc very unstable when prepared in this way and 
are produced in high-speed disintegrators or colloid mills; the heated 
asphalt and the solution or mixture of water and emulsifying agent 
are fed simultaneously between closely spaced revolving discs or coni¬ 
cal surfaces which break up and disperse the asphalt through the 
water. 

Asphalt emulsions separate or “break down” wlum placed in con¬ 
tact with mineral aggregates or with road and street surfaces. The 
rate at which this separation takes place may be controlled in the 
manufacturing process, and the resulting products are described as 
quick-breaking, medium-breaking, slow-breaking, or mixing emul¬ 
sions. 

Fluxing. Fluxing consists of softening a heavy product by the 
addition of a lighter or softer one and is a process in making many 
asphalt products. Both residual products and distillates serve as 
fluxes; the resulting material is called fluxed asphalt when a residual 
product is the flux, and “cut-back” asphalt when a distillate is the 
flux. 

Residual j)etn»leum asphalts are refined to the consistency re¬ 
quired for the various grades of asphalt paving cements and therefore 
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do not require fluxing. Refined native asphalts, however, are too hard 
to use directly as paving cement and are fluxed by adding residual 
petroleum asphalt. The fluxing operation in connection with native 
asphalts for paving cements was at one time commonly performed at 
the paving plant in kettles in which the two materials, after melting, 
were mixed by agitation with steam or mechanical agitators. The 
fluxing of native asphalts now is generally conducted at the refining 
plant. 

The production of ‘^cut-back^^ asphalts by fluxing a residual as¬ 
phalt with a distillate is performed at asphalt refineries by both batch 
and continuous processes. The function of the distillate in cut-back 
asphalts is temporary and largely to facilitate their application to 
road surfaces or mixing of the asphalt with mineral material; the dis¬ 
tillate evaporates, leaving the residual asphalt in place. Rapid-curing 
cut-back asphalts are produced wdth gasoline or naphtha for the flux; 
medium-curing cut-back asphalts are produced with kerosene for the 
flux. 

Air-Blowing. The blowing process consists of forcing air through 
heated asphalt. The air enters the asphalt through perforated pipes 
in the bottom of stills and must be of sufficient quantity to agitate 
the asphalt violently. The oxygen of the air unites with some of the 
hydrogen from some of the hydrocarbons to form water which is car¬ 
ried off as vapor. Some oxygen may also combine, chemically, with 
some of the hydrocarbons. Inasmuch as there is a removal of hydro¬ 
gen, and perhaps an addition of oxygen, the process generally has 
been described as oxidation, but some chemists doubt the addition of 
oxygen and object to the term ^'oxidation'^ as descriptive of the 
process. The blowing of asphalt permits the recovery of much larger 
proportions of residual asphalt than may be obtained by fractional 
distillation because of the chemical changes which occur. The most 
important changes in physical characteristics are increased hardness 
(which may be measured by the tests for penetration and softening 
point) and a decrease in ductility and cementitiousness. 


ROCK ASPHALT 

Occurrence. Rock as])halt usually consists of limestone or sand¬ 
stone which has been naturally impregnated with asphalt or maltha 
and is found in many areas in Europe, (Canada, and the United 
States. Rock asphalt from the island of Sicily was used for paving 
in coast cities of the United States prior to the development of mod¬ 
ern types of bituminous pavements. The best known deposits of rock 
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asphalt in the United States are the sandstone rock asphalt deposits 
of Kentucky and the shell-limestone rock asphalt found in Uvalde 
County, Texas. Rock asphalt also is found in Oklahoma, Alabama, 
and other states. 

Mining and Preparation of Rock Asphalts. Rock asphalt is ex¬ 
cavated like rock by quarrying or mining. The excavated material 
is crushed into sizes suitable for use as paving mixtures. Both types 
of rock asphalt vary in bitumen content in different parts of the de¬ 
posits, and the material from various parts of each deposit usually 
is carefully blended to secure the desired bitumen content and the 
required uniformity in bitumen content. Some rock asphalts are low 

TABLE 3 

Typical Analyses of Rock Asphalts 



1 

2 

3 

4 

Bitumen, per cent. .. 

6 4 

7 1 

10 3 

6 9 

Passing No. 200 sieve, per cent 

0 

14 

8 

3 

Passing No. 100 sieve, pcr*cent 

4 

22 

3 

28 

Passing No. 80 sieve, per cent 

4 

5 

3 

24 

Passing No. 50 sieve, per cent 

30 

8 

0 

16 

Passing No. 40 sieve, per cent 

22 

2 

5 

2 

Passing No. 30 sieve, per cent 

5 

2 

7 

1 

Passing No. 20 sieve, per cent 

2 

2 

9 

1 

Passing No. 10 sieve, per cent 

.3 

0 

17 

3 

Retained No. 10 sieve, per cent 

18 

32 

32 

15 


CHAllACrERISTICS OF BirUMhN 


Specific gravity 25° C/25° C 

1 022 

1 033 

1 088 


Softening point, degrees F 

96 

123 

185 


Penetration at 25° C, 100 grams, 5 sec 

242 

60 

4 


Ductility at 25° C, cm 

Float test at 50° C 

Too soft 

91 

0 5 

100 + 
113 


(1) Breckeiiiidge County, Kentucky (2) (^herokee, Alabama. (3) Uvalde 
County, Texas. (4) Murray County, Oklahoma 


in bitumen content and may be enriched by the addition of suitable 
grades of asphalt products; others contain bitumen which is too hard, 
and light residual oils or fluxes are added to soften it. In some cases, 
mineral aggregates are added to increase the resistance of the ma¬ 
terial to skidding after placing in a pavement or on a road or street 
surface. 
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Clmracteristics •of Rock Asphalt* Table 3 contains typical analy¬ 
ses of several rock asphalts. 

PROPERTIES AND TESTS OF BITUMINOUS MATERIALS 

The tests for determining the characteristics of bituminous mate¬ 
rials may be classified as consistency tests, heat tests, solubility tests 
and tests to determine composition, and weight tests. 

Most of the common tests of bituminous materials have been 
standardized by the American Society for Testing Materials or the 
American Association of State Highway Officials, and the details of 
testing procedure will be found in the published standards of these 
organizations; descriptions of tests and properties in this discussion 
will be confined to the general principles involved and to the applica¬ 
tions of the various tests. 

Consistency Tests 

Consistency. The consistency of any bituminous material refers 
to its degree of fluidity or solidity and determines its adaptability to 
various methods of handling and utilizing. 

Penetration. The penetration of a bituminous material refers to 
the depth of penetration of a standard needle when applied to the 
surface of the material under standardized conditions of test. The 
penetration test for consistency is conducted on semi-solid asphalt 
products, such as asphalt cement, for use in bituminous macadam, 
asphaltic concrete and sheet asphalt, fillers for block pavements, and 
residues resulting from heat tests. The penetration test is not well 
adapted to semi-solid tar products because of their high surface ten¬ 
sion and adhesiveness. The test ordinarily is conducted under the 
following standard conditions: 

200 grams, 60 seconds, at 32® F 
100 grams, 5 seconds, at 77® F 
50 grams, 5 seconds, at 115® F 

The Standard test at 77° F customarily serves as an arbitrary meas¬ 
ure of consistency. The tests at 32° F and 115° F are of value in 
measuring the “susceptibility” of asphalts to temperature changes. 

Float Test. The float test for bituminous materials refers to the 
time required to melt or soften a plug of the material in water at a 
given temperature under standardized conditions of test. This test 
is useful for determining the consistency of tars. 
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Viscosity. The viscosity of a bituminous material refers to its 
rate of flow through a given orifice under standardized test condi¬ 
tions. The test is useful in measuring the consistency of materials 
that arc too soft for determination of penetration and is applicable 
to both asphalt and tar products. The viscosity determination is of 
greatest value when conducted at or near the temperature at which 
the material will be used. Among the several types of viscosimeters 
which are utilized are the Engler, the Saybolt Universal, and the 
Saybolt Furol. The quantity of material employed is commonly 
50 ml with the Engler viscosimeter and 60 ml with the Saybolt vis¬ 
cosimeters, and the viscosity is measured by the number of seconds 
of time consumed in the flow of the specified quantity of material. 
The ^^specific viscosity” of some materials sometimes is described in 
specifications and refers to the ratio of the time of flow of the bitu¬ 
minous material to the time of flow of the same quantity of water at 
a temperature of 77° F Standard temperatures commonly employed 
are 77° F, 100° F, 122° F, 140° F, 180° F, and 210° F, particularly 
with the Saybolt visosimetors. A temperature of 104° F (40° C) 
sometimes is employed with the Engler viscosimeter. 

Ductility. The ductility of a bituminous material refers to the 
distance which it may be drawn out or stretched under standardized 
conditions of test. The test is usually applied to asphalt cements for 
use in bituminous macadam, m asphaltic concrete and sheet asphalt, 
and in fillers for block pavements. Most, but not all, petroleum as¬ 
phalts prepared by straight distillation have high ductility (over 100 
cm) at normal temperature (77° F). The ductility of oxidized as¬ 
phalts, utilized for fillers, is generally rather low at normal tempera¬ 
ture but is not so much affected at lower temperatures. The test is 
employed as a control test by some refineries and, by users, princi¬ 
pally to determine the degree of air-blowing. 

Softening Point. The softening point, or melting point, as it is 
sometimes called, refers to the temperature at which a bituminous 
material softens under given conditions of test. Bituminous materials 
differ from many other substances in that there is no critical tempera¬ 
ture at which the change from a solid to a liquid state takes place, 
and the determination is therefore entirely arbitrary. For this reason 
the term ^^softening point” is preferable to “melting point.” 

The determination of softening point is valuable in connection 
with asphalt and tar products intended for use as seal coats, fillers, 
and binders for bituminous macadam. When employed along with 
the penetration test, the softening-point determination is a meas¬ 
ure of the “susceptibility” of bituminous materials to temperature 
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changes; when two asphalts have the same penetration at 77® F, the 
one having the higiber softening point generally is the less susceptible. 

Heat Tests 

Flash Point. The flash point, as its name implies, refers to the 
temperature at which a material will flash when brought into contact 
with a flame. The flash-point test identifies various types of bitu¬ 
minous materials and determines the temperature conditions under 
which they may safely be used. The test is applicable to both asphalt 
and tar products.- 

Volatilization Test. The volatilization test is conducted by sub¬ 
jecting the bituminous material to heat under standardized test con¬ 
ditions. The loss in weight of different materials varies. Highly 
fluid materials show high losses, and semi-solid residual products low 
ones. The test is therefore a means of identification. It is utilized 
for that purpose, to determine the suitability of various fluid products 
for dust palliatives and surface applications, and to determine the 
degree of hardening of semi-solid asphalts under the action of heat. 
The test is regularly conducted on asphalt products. On tars, the 
distillation test takes its place. 

The value of the standard volatilization test, which is conducted 
on a 50-gram sample in a flat-bottom, cylindrical container 2.17 in. 
in diameter and 1.38 in. in depth, for determining the effect of heat¬ 
ing on the hardening of asphalts under actual construction conditions 
is doubtful, and R. H. Lewis and J. Y. Welbom of the U. S. Public 
Roads Administration have shown that a better indication of the 
effect of processing operatings in paving will be obtained from an 
oven test on samples which are only % in. in thickness. 

Distillation Test. The distillation test is similar in principle to 
the volatilization test but is conducted under different conditions. 
The loss in weight at different temperatures is determined. This is 
one principal point of difference from the volatilization test, in which 
only one loss is determined. The test is widely used for testing tar 
products and cut-back asphalts, and serves as a means of determining 
their suitability for various purposes. The test also determines the 
extent of the distillation to which crude tar has been subjected. It 
also is applicable to asphalt emulsions. The procedure of making the 
distillation test varies to some extent for tar and asphalt products. 
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Tests for Solubility and Composition 

Solubility in Carbon Disulphide. The extent of solubility of bi¬ 
tuminous material in carbon disulphide determines the percentage of 
bitumen which is present. Petroleum asphalt is almost pure bitumen. 
Natural asphalts contain considerable percentages of organic and in¬ 
organic matter insoluble in carbon disulphide. Tar contains very 
little mineral matter, but the insoluble organic matter may vary from 
less than 1 per cent to 40 per cent. The insoluble organic matter in 
tar consists of free carbon which is present in the form of very small 
particles uniformly distributed. 

Solubility in Carbon Tetrachloride. Petroleum and natural 
asphalts are normally nearly as soluble in carbon tetrachloride as 
in carbon disulphide. Asphalt products that have been damaged by 
overheating usually show lower solubility in carbon tetrachloride, and 
the determination is therefore a measure of the care exercised in 
refining. The test is not used for tars. 

Asphalt Content of Liquid Asphalt Products. This test occasion¬ 
ally is employed as a measure of the consistency and composition of 
residual fluid asphalt products. If refers to the proi)ortion of asphalt 
cement of 100 penetration (at 77° F) which is present, and it is con¬ 
ducted by heating the asphalt product until the residue after evap¬ 
oration has a penetration of exactly 100 at 77° F. It is used in con¬ 
nection with slow-curing liquid asphalts. 


Weight and Density Tests 

Specific Gravity. The specific gravity of bituminous materials is 
determined by comparing equal weights of the material and water. 
This property is useful in identifying the source of liquid, semi-solid, 
and solid bituminous materials, and in making calculations of the 
density of compacted paving mixtures. 


Miscellaneous Tests 

Oliensis Spot Test. This test is applicable only to asphalt prod¬ 
ucts. It is conducted by dissolving a small quantity of the asphalt 
in a s+andard naphtha, under standardized test conditions, and apply¬ 
ing a drop of the solution to the surface of filter paper or glass. The 
formation of a brown or yellowish-brown stain with a darker solid or 
annular nucleus in the center is reported as a positive spot. Asphalts 
giving positive spots are described as heterogeneous. A uniformly 
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brown stain is reported as a negative spot, and asphalts giving nega¬ 
tive spots are described as homogeneous This test was developed to 
serve as a measure of homogeneity, particularly in products manufac¬ 
tured by the cracking process which generally produce a positive spot 
Asphalts from some crude sources, produced by non-crackmg proc¬ 
esses, may also show a positive spot test, and the value of the test 
may be questionable in such cases Winterkorn and Eckert have 
presented data which show that the spot test is a means of determin¬ 
ing the colloidal stability of bitumens and that a more complete 
indication of stability ^^iH be obtained with more than one solvent 
and possibly more than one solvent ratio 

Tests of Emulsified Asphalt. A number of special tests employed 
for controlling the chaiacteristics of emulsified asphalt include tests 
for settlement, demulsibility, residue on a No 20 sieve, effect of freez¬ 
ing miscibility with water, and ability to coat stone particles 

Tests of Bituminous Paving Mixtures. Numerous tests are made 
of paving mixtures consisting of bituminous material and mineral 
aggregates, they include analyses of the mixtures, stability and den¬ 
sity of the compacted mixtures, and tests of the bituminous material 
after extraction from the mixtures These tests will be described in 
Chapter XIII 

ASPHALT PRODUCTS 

Classification. Asphalt jiroducts consist of liquid materials which 
are so soft or fluid at normal temperature (77° F) that their consist¬ 
ency cannot be determined by the penetration test, semi-solid 
materials or asphalt cement, whith has a penetration at normal tem¬ 
perature of more than 10 under a load of 100 grams applied for 5 
seconds and less than 350 under a load of 50 grams applied for 1 sec¬ 
ond, and solid or hard asphalt, which has a normal penetration 
(100-gram load, applied for 5 seconds, at a temperature of 77° F) of 
10 or less 

Liquid Asphalt Products. Liquid asphalt products include resid¬ 
ual products, mixtures of residual products and distillates, and 
emulsions Residual oils produced by straight (fractional) distilla¬ 
tion are non-volatile or ^Slow-curing,’' that is, the lighter constituents 
evaporate slowly Some liquid asphaltic products which aro similar 
to straight distilled products are produced by mixing residual products 
with heavy distillates 

“Rapid-curing” cut-back asphalts are produced by fluxing semi- 
solid asphalt (asphalt cement) with gasoline or naphtha “Medium- 
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riiring^’ cut-bark asphalts are produced by fluxing semi-solid asphalt 
with kerosene. 

Slow-curing liquid asphnlts are used ns dust layers^ as adwixtures 
for soils, and as binders for some road-mix types of wearing surfaces. 
Medium-curing cut-back asphalts are used for prime coats on road 
surfaces prior to surface treatment or construction of wearing sur¬ 
faces, as admixtures for soils, and as binders for road-mix and low- 
cost plant-mix types of wearing surfaces. Rapid-curing cut-back 
asphalts are used for seal coats on road surfaces, for road-mix and 
plant-mix types of wearing surfaces, and, to some extent, for bitu¬ 
minous macadam pavements. Specification limits for slow-curing, 
medium-curing, and rapid-curing products are given in Tables 4 
and 5. 

Emulsified Asphalt. Quick-breaking or quick-setting emulsified 
asphalts are employed for bituminous macadam pavements, bitumi¬ 
nous macadam patches, and bituminous surface treatments consisting 
of carpet coats. Medium-breaking or medium-setting emulsified 
asphalts are utilized principally for road-mix and low-cost plant-mix 
types of wearing surfaces, and for coarse-graded asphaltic concrete 
mixtures for repair work. The uses of slow-breaking or slow-setting 
emulsified asphalts include fine-graded asphaltic concrete mixtures, 
sheet asphalt mixtures, and as admixtures for stabilizing subgrade 
soils. Table 6 gives specification limits for various emulsified as¬ 
phalts. 

Asphalt Cements. Asphalt cements are produced by straight 
(i.e., fractional) distillation with or without air-blowing. The prin¬ 
cipal applications of asphalt cement are for mixtures with mineral 
aggregates in hot-laid types of wearing courses or pavements such 
as asphaltic concrete and sheet asphalt, but it also is utilized in the 
construction of seal coats, bituminous surface treatments (of the 
carpet coat type), and for filling cracks and joints. On account of 
the wide range in the consistency of asphalt cements, the term “soft 
asphalt cement” is widely used to describe those grades having a 
normal penetration of 100 or more. The Division of Simplified Prac¬ 
tice of the National Bureau of Standards has established standard 
grades of asphalt cement based on normal penetration, as follows: 


25^0 

50-60 

100-120 

30-40 

60-70 

120-150 

40-50 

7(L85 

150-200 


85-100 



Tables 7 and 8 contain specifications for asphalt cements. 
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bitumen soluble m carbon tetrachloride is 99 65+ per cent 



Specifications for Medium-Curino and Rapid-Curing Liquid Asphalt Products 

{The Asphalt Institute) 
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Application temperature, ° F. 50-120 80-125 160-200 175-250 175-250 200-275 50-120 80-125100-175 150-200 175-250175-250 
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Penetration limits for grade desired are to be inserted 

Limit of 00 0 per cent + for Trmidad asphalt cement and 94 0 per cent + for Bermudes asphalt cement 
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TAR PRODUCTS 

Hstd AspliAlts* Hard asphalts are residual products and have no 
direct application to road and street uses. Powdered asphalt is hard 
asphalt which has been finely ground; it is utilized in some road-oil 
products and in some cold-laid bituminous paving mixtures. 

TABLE 8 

Specifications for Soft Asphalt Cements for Surface Treatment 


Penetration Grades 

150-200 

200-250 

250-300 

Characteristics 

Penetration: 




At 0® C, 200 g, 1 min. 

35-f 

40+ 

60+ 

At 25® C, 100 g, 5 sec. 

150-200 

200-250 

250+ 

At 46® C, 50 g, 5 sec. 

300-h 

300+ 

300+ 

Solubility in carbon disulphide, per cent. 

99.5+ 

99.5+ 

99.5+ 

Proportion of bitumen soluble in carbon tetra- 




chloride, per cent. 

99.0+ 

99.0+ 

99.0+ 

Ductility at 25® C, cm. 

50+ 

50+ 

50+ 

Flash point, Cleveland open cup, ° C. 

175 + 

175+ 

175+ 

Softening point, King and Ball, ° C. 



80 to 115 

Loss at 163® C, 50 g, 5 hr, per cent. 

1.0- 

1.0- 

1.0- 

Penetration of residue at 25° C, 100 g, 5 sec. 




compared to original penetration, before 




heating. 

70+ 

70+ 

70 + 


The grades designated as 100-120, and 120-150, penetration in Table 7 are also used for surface 
treatment. 


TAR PRODUCTS 

Comparison of Asphalts and Tars. Tars are produced as distil¬ 
lates by the destructive distillation of organic material. When tars 
themselves are subjected to fractional distillation they yield pitches. 
Thus they differ from asphalts, which are residual products of frac¬ 
tional distillation of organic material. Tars also differ from asphalts 
with respect to various properties, the most important being toxicity, 
susceptibility to changes in temperature, free carbon, and hardening 
after incorporation in a wearing surface or pavement. 

Tars possess toxicity to a high degree, whereas asphalts do not. 
This difference makes creosote oils (which are tar distillates) very 
valuable as preservatives for structural timber. Tar is much more 
adhesive than asphalt. Tar is much more susceptible to temperature 
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changes than asphalt, that is, it softens more readily when heated 
and becomes more brittle at low temperatures than asphalt. Some 
tars contain large percentages of free carbon, whereas asphalts usu¬ 
ally contain very small amounts. Gas-house tar generally contains 
much more free carbon than coke-oven tar, and water-gas tar con¬ 
tains very little free carbon (usually not more than 1 and seldom 
more than 2 per cent). Tars harden somewhat more rapidly than 
asphalts in surface applications. 

Grades and Uses of Tar Products. Tars frequently are described 
as light, medium, and heavy with reference to their consistency, but 
these terms are very general. The penetration test, by which many 
grades of asphalt may be identified, is not well adapted to semi-solid 
tars, and the various grades of tar are therefore identified by viscosity 
and float tests. Table 9 contains recommended grades of tar for 
various purposes. 

Reference to Table 9 shows that tars are not adapted to all the 
purposes for which asphalts are used. Tars are suitable for surface 
treatment, as admixtures for soils, for cold-laid bituminous mixtures, 
and in bituminous macadam pavements. Their greater susceptibility 
to temperature changes' and their more rapid hardening in use has 
prevented their development as bituminous cements for wearing- 
course mixtures composed of hot-mixed bituminous concrete or hot- 
mixed fine-aggregate mixtures. 

SHIPMENT AND HANDLING OF BITUMINOUS MATERIALS 

Package Shipment, Package shipments of bituminous materials 
are generally made in steel drums, wooden barrels, or wooden tubs. 
Liquid materials, such as residual oils, cut-back asphalts, and asphalt 
emulsions, are shipped in tight steel drums having small outlets fitted 
with screw-type plugs. Semi-solid products are shipped in compara¬ 
tively light, closed steel drums, or, occasionally, in wooden barrels. 
These drums usually are made in two or more weights, and the con¬ 
tents are removed by chopping off the end of the drum or the entire 
drum. 

Bulk Shipment. Bulk shipments of bituminous materials are 
made in specially constructed tank cars. Tank cars for the shipment 
of semi-solid products and the heavier liquid products are equipped 
with steam coils for heating the material for convenient removal; 
some tank cars are insulated to lessen the cost of heating. The ca¬ 
pacity of tank cars varies; 10,000-gal cars are most common, but 
8000-gal cars are also used, and 6500-gal cars to a limited extent. 



T^BLE 9 

Specifications for Tars 

(American Association of State Highway Officials) 


SHIPMENT AND HANDLING OF BITUMINOUS MATERIALS 



Softening point of distillation re‘«iJu I I 

Ring and Ball, ® C 3j-bJ 3j 6) 3>-60 35-60 35-65 30-6-. 35 65 35 6 > 35 65 I 40 7 J 40 70 40 70 4) 70 40-70 
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Unloading Tank Cars. Liquid materials are unloaded from tank 
oars by pumping direct into storage tanks or distributors if the ma¬ 
terial is to be used immediately upon receipt. Most distributors have 
pumps which are arranged for unloading of tank cars as well as for 
spraying the material. Non-inflammable materials are sometimes 
unloaded by gravity methods. 

Heavy viscous liquid products and semi-solid products must be 
heated for unloading. Ordinarj^ steam boilers often do this heating 
at stationary or portable paving plants. Portable tank-car heaters, 
widely used for unloading these materials, are of three types—^the 
condensing type of steam boiler, the superheated oil heater, and the 
^^booster” type of heater. A series of oil burners heat the boiler pipes 
in the first type, forcing superheated steam through the tank-car 
steam coils. In the second type a non-volatile oil, heated to high 
temperatures by oil burners, is forced through the tank-car coils and 
back to the heater. Heaters of these two types, or other types of 
steam boilers, are required if the material is semi-solid or an ex¬ 
tremely viscous liquid. The “booster’^ type of heater is used to sup¬ 
plement other car heaters when heavy semi-solid materials must be 
heated to temperatures which are too high for superheated steam to 
be economical, and as direct heaters for liquids which are sufficiently 
viscous to require heating but, at the same time, sufficiently fluid to 
flow at ordinary temperatures from the tank car to the pump. Me¬ 
dium to heavy cut-back asphalts are examples of such materials. 
These heaters are equipped with pumps which force the material into 
pipes heated directly by oil burners; they are extremely rapid in 
operation but arc more costly than steam heaters. 

Measurement of Bituminous Materials. Bituminous materials are 
purchased on the basis of both weight and volume, the ton and-gallon 
being the common units of measurement. All bituminous materials 
increase in volume upon heating, and it is standard practice to take 
the volume at 60° F as the basis of volume measurement. The Amer¬ 
ican Society for Testing Materials recommends the following coeflS- 
cients of expansion for petroleum asphalt products intended for high¬ 
way purposes: 


Coefficient of Expansion 
PER Degree Fahrenheit 


Gravity Range 
Degrees, API,* 
at 60® F 

Up to 14 9® 0 00035 

15 0® to 34 9® 0 00040 

♦ The American Petroleum Inntitutp gravity scale w based on the following aibitrary relationship. 
Degrees API - r 5 

SpO60V«0"F 
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Generally, liquid asphalts RC-0, RC-1, MC-0, MC-1, SC-0, and 
SC-1 have specific gravities from 15.0“ to 34.9“ API, and the heavier 
products have specific gravities below 15.0“ API. A coefficient of 
expansion of 0.00037 per degree Fahrenheit is widely used for road 
tars. 


BIBLIOGRAPHY 

1. Standard Spenficatiovs for Highway Materials, American Association of 
State Highway Officials, Washington, D. C., 1938. 

2. A. S. T. M. Standards, 1939, with supplements. 

3. Revised Specifications for Slow-Curing Liquid Asphalt Road Materials, and 
Revised Specifications for Cut-hack Asphalts, The Asjihalt Institute, 1940. 

4. Specifications for Emulsified Asphalts, The .Asphalt Institute, 1940. 

5. The Significance of Various Methods of Tests Used on Asphaltic Paving 
Materials, The Asphalt Institute, 1941. 

6. Oliensis, G. L., “A Qualitative Test for IVtcrmining the Degree of 
Heterogeneity of Asphalts,” Proc, A, S, 7’. M., Vol. 33 (1933), Part 11. p. 716. 
Also, “A Further Study of the Heterogeneity of Asphalt,” Proc. A. S. T. M., 
Vol. 36 (1936), Part 11, p. 494. 

7. WiNTKRKORN, Hans F, and Eckert, George W., “Colloidal Stability of 
Asphalts,” Industrial and Engineering Chemistry, Vol. 33 No. 10 (October, 
1941), p. 10. 



CHAPTER VII 


THEORY OF STRUCTURAL DESIGN OF FLEXIBLE 
PAVEMENTS 

The rational design of roadway cross-scot ions has received the 
serious attention of highway engineers since about 1900, wlien motor 
vehicles began to apf)ear in large mimbi'rs and created a demand for 
the extensive development of highway and street systems. The prob¬ 
lem of design involves th(3 consideration of numerous conditions, of 
which the most impoi'tant are the amount and distribution of loads, 
the supporting capacii^y of subgradcs, the resistance of roadways to 
wear, the expansion find contraction of roadway surfaces, and the 
structural strength of roadway materials. 

Pavements or roadv^ays were described in Chapter I as being rigid 
or flexible. Rigid pavements an' those which jiossess considerable 
resistance to bending, and flexible pavements are those which possess 
very little resistance to bending. As these tw’o general classes of 
pavements exhibit somewdiat different Ix'liavior under loads they wdll 
be discussed separately. Since all the low'-type and intermediate-type 
roadway surfaces (as dassifled in Chaiiter I) are flexible types, it 
will be desirable to discuss the theory underlying the determination 
of their thickness befoiT describing each individual type. The theory 
of the structural de.'^ij.;n of concrete pav^oments will be described in 
Chapter XI. 

Thickness of Flexible Pavements. The thickness of flexible iiave- 
ments has been determined almost entirely on the basis of past ex¬ 
perience. During recent years, theoretical and experimental studies 
in the field of soil mechanics have stimulated interest in the develop¬ 
ment of a rational method of determining]; thickness. The similarity 
of the problem of determining the thickness of airport runw'ays also 
has contributed to tint, development. 

Figure 55(a) represents a cross-section of a flexible pavement 
having a thickness of d inches and subjed ed to a concentrated wheel 
load of W pounds. The load is assumed to be distributed through 
the pavement to the subgrade in the form of a cone wdiose surface is 
at an angle 6 with the vertical axis of the cone (the axis being as¬ 
sumed to be at right angles to the surface of the pavement), and the 
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unit pressure of q pounds per square inch on the subgrade is assumea 
to be uniform. The radius of the base of the cone on the subgrade 



is d tan 0, and the relation of the thickness of the pavement to the 
load and the unit subgrade pressure is 


W = qird^ tan^0 

0.5^ IW 

tan e \g 


( 20 ) 

( 21 ) 


The value of 6 varies, but 45° is assumed to 
and equation 21 then becomc's 

d = 0.564 


be on 'he side of safety 
( 22 ) 


Equation 22 was the basis of the Massachusetts formula which was 
developed in 1901 and was expressed as follows: 

d = 0.5 (23) 

Equation 20 assumes that a wheel load is concentrated at a point, 
whereas it is actually distributed over an area of contact between the 
tire and the pavement as shown in Fig. 55(6). If this area of contact is 
circular in shape, 

W = qir{d + a)2 tan^' 6 (24) 

in which a is the height of the cone of pressure above the surface of the 
pavement; and 

; 1 [W 

^ tSLiidyirq ^ 

or 

^ 0.564 IW 

tan 6 \ q ^ 


( 26 ) 
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If p is the unit pressure of the load W on the surface of the pavement, 


and 

Since 


W — 

tan 6 \ q 


(27) 


r 

tan 6 



If ^ = 45®, equation 28 becomes 



If the area of contact is elliptical in shape and 6 = 45°, the area of pres¬ 
sure on the subgrade also is an ellipse whose major and minor axes have 
diameters of 2{ri + d) and 2(r, + d), respectively, 2r/ and 2ra repre¬ 
senting the major and minor axes of the elliptical contact area between 
the tire and the paveiuent. Then 

W = pirrir, = qiriri + d) (r« + d) (30) 

and 

d = + \ {rI + r,)2 - i(r/ -|- r.) (31) 

The application of rational theoretical analyses to the determina¬ 
tion of flexible pavement thicknesses is not a simple problem. Several 
assumptions must be made with reference to (1) the shape and size 
of the area of tire contact, (2) the critical load, (3) the effect of im¬ 
pact, (4) the distribution of pressure on the subgrade, and (5) the 
critical condition for failure of the pavement under load. 

The area of contact between a loaded pneumatic tire and a plane 
surface is actually elliptical in shape but the simplicity of calcula¬ 
tions is greatly increased if the area is assumed to be circular in 
shape. The necessit> of employing an elliptical contact area is de¬ 
batable. The size of the tire contact area has generally been assumed 
to be a function of the load and the inflation pressure of the tire, and 
to be approximately equal to the load on the tire divided by the 
inflation pressure of the tire. Thus, a 14 00 by 24-in. balloon tire, 
inflated to 90 lb per sq in. and carrying a load of 9000 lb would have 
a contact area of approximately 100 sq in. This assumption neglects 
the ^^supporting factor” of the tire which acts to increase the contact 
area. Under average conditions, the actual area of contact between 
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new truck and bus balloon tires and the pavement may be closely 
approximated by means of the formula^ 

A = (0.75 + 0.03D,) j, (32) 

in which A * the area of tire contact, in square inches. 

Dt = the nominal diameter of the tire cross-section, in inches. 

W = the load on the tire, in pounds. 

p'= the inflation pressure of the tire, in pounds per square 
inch. 

The value of p then would be W/A, Thus, the area of tire contact of 
a 14.00 by 24-in. balloon tire, inflated to 90 lb per sq in. and carrying a 
load of 9000 lb, would be 

A = (0.75 + 0.03 X 14) ^ = 117 sq in. 

9000 „ 

V = -yYy = it lb per sq m. 

Some designers may desire to be conservative and neglect the tire 
supporting factor, which will result in slightly larger values of d from 
equations 29 and 31. 

The Uniform Vehicle Code provides for a maximum wheel load 
of 9000 lb on balloon tires and 8000 lb on high-pressure tires. Single 
high-pressure tires carrying this maximum load would exceed their 
recommended load capacities, and, if high-pressure tires were em¬ 
ployed, dual tires would be required for proper equipment. A single 
14.00 by 24-in. balloon tire is capable of carrying a load of 9150 lb 
when inflated to 90 lb per sq in. (see Table 10), and therefore might 
be considered, quite properly, as the critical tire size for the recom¬ 
mended legal maximum load of 9000 lb. The necessity of providing 
for overloads, undersize tires, and other special conditions is involved 
in the selection of the critical load condition, and opinion differs 
widely, as might be expected, in regard to the allowances which 
should be made for such conditions. The judgment of the designer 
will have to guide him in a given case. An allowance for impact, 
usually accomplished by multiplying the static load by an ‘^impact 
factor,^^ must also be considered. Again opinion differs widely. 
Impact, of course, exists at the surface of pavements, particularly if 
a vehicle rides over some objoct resting on the pavement or if the 
pavement is irregular in the longitudinal contour of its surface. How¬ 
ever, the proportion of the impact which is transmitted through a 
flexible pavement to the subgradc depends upon the dynamic resist¬ 
ance of the pavement. The time of duration of moving loads is 
generally very short and tends to make the pavement behave like an 


Developed by the Tire and Rim Association, Inc., Akron, Ohio. 



i42 THEORY OF STRUCTURAL DESIGN OF FLEXIBLE PAVEMENTS 

elastic solid. This fact tends to support the view of many engineers 
that no allowance for impact is necessary. 

The distribution of a load on a flexible pavement through the 
pavement to the subgrade was assumed in the foregoing discussion to 

TABLE 10 

Recommended Maximum Service Loads and Inflation Pressures for Truck 
AND Bus Balloon Tires 

(The Tire and Rim Association, Oct. 25, 1940) 


Tire Size, 
inches 

Inflation 
Pressure, 
lb per sq in. 

Load, 11) 

Tire Size, 
inches 

Inflation 
Pressure, 
lb per sq in 

Load, lb 

6 00-17 

50 

1250 

9 00-15 

65 

2875 

6 00-20 

50 

1400 

9 00-18 

65 

3225 

6 60-17 

60 

1600 

9 00-20 

65 

3450 

6 50-18 

60 

1575 

9 00-22 

65 

3675 

6 50-20 

50 

1700 

9 00 24 

65 

3925 

7 00-17 

65 

1725 

10 00-15 

70 

3375 

7 00-18 

55 

1800 

10 00 18 

70 

3775 

7 00-20 

56 

1950 

10 00 20 

70 

4000 

7 50-15 

65 

1825 

10 00-22 

70 

4275 

7 50-17 

55 

2000 

10 00-24 

70 

4550 

7 60-18 

55 

2100 

11 00-18 

70 

4200 

7 50-20 

55 

2250 

11 00 20 

70 

4500 

7 60-24 

65 

2550 

11 00-22 

70 

4750 

8 25-15 

60 

2275 

11 00 24 

70 

5000 

8 25-18 

60 

2550 

12 00-18 

80 

5126 

8 25-20 

60 

2750 

12 00-20 

80 

5475 

8 25-22 

60 

2950 

12 00 20 

80 

5800 

8 26-24 

60 

3126 

12 00 20 

80 

6150 




13 00-20 

85 

6750 




13 00 24 

85 

7575 




14 00-20 

90 

8200 




14 00-24 

90 

9150 


be in the form of a cone whose surface is at an angle 6 with the verti¬ 
cal axis of the cone, and that the resulting pressure on the subgrade 
was uniform. Actually, the pressure distribution on the subgrade is 
not uniform but is in the form of a bell or helmet, the maximum pres¬ 
sure occurring directly under the center of the load, as described in 
Chapter II. 

^/The practical application of equations 29 and 31 to the deter¬ 
mination of thickness therefore depends upon establishing a reason- 
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ably accurate relation between the value of q and the maximum value 
of the subgrade pressure which will cause failure of the pavement. 
This relation is illustrated in Fig. 56, in which the maximum allow¬ 
able unit pressure on the subgrade is represented by Several 
methods of determining the critical pressure ha\e been suggested. 
Most of these methods involve 


the determination of the unit 
pressure for a critical vertical 
displacement or deformation of 
the subgrade. The theoretical 
vertical pressure at any point 
within a homogeneous elasti¬ 
cally isotropic mass resulting 
from a load applied at the 
upper horizontal surface may 
be calculated from the well- 
known Boussinesq formula (see 
Chapter ID or from modifica¬ 
tions of the Boussinesq for¬ 
mula based on experimental 
data. Similarly, formulas have 
been developed for calculating 



Fig 56 Relation between maxuiium sub¬ 
grade jiressure and assumed allowable uni¬ 
form pressuie on subgrade. {A T. Gold- 
heck) 


the deformations of elastic 


materials under loads. The vertical displacements of soils under 
loads, however, do not correspond to those of elastic materials. L. A. 
Palmer and E. S. Barber of the U. S. Public Roads Administration 


have suggested that the critical deformation be calculated from the re¬ 
sults of triaxial compression tests of the soil, by means of the formula 


^ l.5r 

in which V is the allowable vertical displacement of the subgrade, in 
inches, and is the “modulus of deformation” of the subgrade, which 
is defined as “the ratio of stress to deformation without regard to the 
nature of the deformation whether it be elastic or plastic or both.” 
Palmer and Barber’s equation for determining the thickness of a flex¬ 
ible pavement subjected to a uniform load on a circular contact area 
is as follows: 



144 THEORY OF STRUCTURAL DESIGN OP FLEXIBLE PAVEMENTS 

in which d, r, p, q, and have the significance already described and 
Cp is the modulus of deformation of the pavement. The application 
of Palmer and Barber's equation will depend upon the accumulation 
i>f data for the accurate evaluation of (\, and V. 

Prevost Hubbard and F. C. Field, in 1940 and 1941, proposed a 
method of determining the thickness of asphaltic pavements which 
depends upon the measurement, under field conditions, of the unit 
pressure which produces a critical vertical deformation of a given 
subgrade. Hubbard and Field’s tests indicated that both asphaltic 
concrete and sheet asphalt pavements, regardless of the diameter of 
the area of load application or of the thickness of the pavement, 
showed no evidence of failure when the vertical deflection of the 
pavement directly under the load did not exceed 0 5 in. This method 
possesses the disadvantages that the complete design of a pavement 
cross-section cannot be provided until the subgrade has been con¬ 
structed and that, owing to variations in the moisture content of the 
subgrade after the construction of the pavement, the load-supporting 
ability of the subgrade may be quite different from that obtained in 
the actual loading tests. The effect of long-time accumulations of 
sm^ deformations of the subgrade also is unknown. 
n/A. T. Goldbeck, in 1941, proposed a method of determining the 
thickness of flexible pavements which depends upon the measurement 
of the load-deformation relation of the subgrade soil. Goldbeck se¬ 
lected a circular bearing block having an area of 100 sq in. and 
measured the deformations of the subgrade for load increments of 
5 lb per sq in. applied for successive 1-min intervals. A pressure- 
indentation diagram is plotted as shown in Fig. 57. The criterion 
for the maximum allowable unit pressure on the subgrade is that unit 
pressure at which the slope of the diagram reaches a value of 100 
when the load is expressed in pounds per square inch and the indenta¬ 
tion in inches. The slope of the diagram is the ratio of the unit pres¬ 
sure to the indentation and has been designated the “modulus of sub¬ 
grade reaction.” In the example of Fig. 57, the critical unit pressure 
on the subgrade is 48 lb per sq in. Goldbeck assumed that the maxi¬ 
mum unit pressure on the subgrade caused by the wheel load should 
not exceed the value obtained in the load-indentation tests; thus the 
value obtained in the load-indentation tests is the pressure designated 
as Qm in Fig. 56. Goldbeck expressed the relation between this maxi¬ 
mum unit pressure and the allowable unit pressure, q, on the sub¬ 
grade as 
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in which J is the ratio of the tnaxiinuin unit pressure to the allowable 
unit pressure. Goldbeck found that, for stable subgrades, the value 
of J varied from 1.0 to 3.1 with an average value of 1.93, and sug¬ 
gested a value of J — 2.0 for general design purposes. (Joldbeek ein- 
I)loyed elliptical areas of contact between the tire and the pavement, 



Indentation of subgrade, inches 

Fig. 57. Pressure-indentation diajjram obtained from bearing value test of sub- 
grade. (A T Goldhcck) 

assuming that ri = 2r*„ but his method may be utilized with circular 
areas. 


Example. Determine the thickness of a flexible type of pavement for a wheel 
load of 8200 lb on a single balloon tire. The bearing value of the subgrade was found 
from tests to be 40 lb per sq in. 


W = 8200 lb. Size of tire required = 14.00 by 20 in. 

p' - 90 lb per sq in. gm = 40 lb per sq in. 

W 

Tire contact area = (0.76 -h O.OSDt) — 

V 

8200 

= (0.76 + 0.03 X 14) = 106.6 sq in. (Say 107 sq in.) 


P “ 


8200 

107 


76.6 lb per sq in. (Say 77 lb per sq in.) 
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Radius of tire contact area » 5.84 in. 



The foregoing discussion of the theory of determining the thick¬ 
ness of flexible pavements and its actual application may appear 
somewhat disappointing because of the difficulty of accurately evalu¬ 
ating all the variables which affect the problem. The critical factors 
in the application of the theory are the determination of the tire con¬ 
tact area and the determination of the supporting power of the sub¬ 
grade. Reported measurements of actual tire contact areas have 
shown great variations, and some authorities have concluded that the 
load-inflation-pressure ratio is not a satisfactory criterion for deter¬ 
mining the area of contact. Fr(»m a practical viewpoint, however, it 
does offer a rational approach to the problem. Certainly, maximum 
pressures and maximum tire contact areas do exist and the designer 
always may apply a factor of safety with reference both to the load 
and to the inflation-pressure if he desires to be conservative. The 
moisture content and density of the subgrade will greatly affect the 
measured value of the supporting power. Goldbeck has stated that 
“The question of condition of the subgrade when the test is made 
must be left to the judgment of the investigator. It would be desir¬ 
able, if possible, to bring about the most unfavorable conditions 
which probably ever will exist under the finished surfacing.’’ It is 
quite possible that the determination of the supporting power of the 
subgrade may be determined from laboratory tests of the subgrade 
soil in which the moisture content and degree of compaction are care¬ 
fully controlled. This is particularly true of subgrades on embank¬ 
ments where the soil has been disturbed in forming the subgrade. The 
problem in such cases would seem to be best solved by determining 
the supporting power of the soil compacted in the laboratory at the 
optimum moisture content, then following this on the work by com¬ 
pacting the embankment at the optimum moisture content and mak¬ 
ing such provisions for drainage as will maintain the subgrade at this 
supporting value. The selection of the size of bearing block for tests 
of supporting power is subject to great differences of opinion. An 
area of 100 sq in., which was selected by Goldbeck, corresponds quite 
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closely to the average load-inflation-pressure ratio of the maximum 
legal load condition for a single tire. The designer, of course, may 
select any size of bearing area which, in his judgment, appears most 
appropriate for the conditions involved. Goldbeck’s procedure of 
applying a factor to the maximum measured subgrade pressure to 
obtain the “equivalent uniform” subgrade pressure is, in effect, the 
application of a factor of safety to the measured subgrade supporting 
power. A lower limit on subgrade bearing power is desirable, and 
most authorities appear to agree that subgrades whose bearing power 
is less than 20 lb per sq in. should be strengthened by some form of 
subgrade treatment. 

Expansion and Contraction of Flexible Pavements. Flexible pave¬ 
ments and foundation courses are not seriously affected by expansion 
and contraction, and these movements ordinarily are not considered 
in design. Flexible wearing courses of bituminous types, when con¬ 
structed on rigid foundation courses, are affected by the expansion 
and contraction of the latter, however, and provisions to alleviate 
detrimental effects will be described later in connection with the sub¬ 
ject of rigid foundations. 
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CHAPTER VIII 


LOW-TYPE ROAD SURFACES AND FOUNDATIONS 

The total rural highway mileage of the United States is about 
3,100,000 miles. Approximately 350,000 miles may be classified as 
primary and secondary interstate and state highways. Over 2,000,000 
miles of the remaining mileage may be classified as land-service roads 
and secondary local roads. A large proportion of these 2,000,000 
miles is not subjected to sufficient traffic to justify large expenditures 
for improvement, and the proper utilization of low-cost, low-type 
wearing surfaces is therefore a very important feature in their devel¬ 
opment. 

Low-type roadway surfaces were described in Chapter I as con¬ 
sisting of natural earth, gravel, traffic-bound macadam, stabilized soil, 
and special materials which are of localized importance (such as iron 
ore, shell, and limcrock). These surfaces may be untreated, or they 
may have surface treatments These treatments may consist of sur¬ 
face applications which do not add appreciably to the thickness of 
the wearing surface, or they may consist of appreciable thicknesses 
of bituminous materials and mineral aggregate The latter are often 
described as carpet coats, seal coats, or simply as bituminous surface 
treatments, and, since they are used on a large variety of wearing 
courses, they will be described in a later chapter. 


NATURAL EARTH SURFACES 

Cross-Sections. The width of earth roads extends from shoulder 
to shoulder, and it is desirable to have as much width as possible so 
that, when a moderate crown of % to % in. per ft is used, the* traffic 
will tend to be distributed over the entire road surface. Widths be¬ 
tween shoulder lines are frequently 20 ft on earth roads where shal¬ 
low gutters can be used, but a minimum width of 24 ft is desirable. 
Still greater widths are required if surfacing with gravel or other 
material is planned within a short time after grading. 

Construction. The construction of an earth road is essentially a 
grading operation, and the procedure has been described in Chapter 
V. The surface of an earth road is usually somewhat loose and rough 
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after shaping, and traffic will cause ruts and depressions. Frequent 
smoothing with a blade grader or a steel drag, or both, is necessary 
during the first few weeks, until a firm and smooth surface is main¬ 
tained. 

The construction of natural earth surfaces, without some form of 
treatment, should not be attempted on many soils. Light sandy soils, 
heavy clay soils, and many silty soils are unsuitable for wearing sur¬ 
faces for even very light traffic and require some method of surface 
stabilization or the construction of a separate wearing course to make 
them suitable for traffic. 

Maintenance. The most effective maintenance of earth roads is 
accomplished by means of a blade grader in combination with some 
form of drag. A drag is suitable for smoothing but lacks ability to 
reshape a road which has become rutted and warped by weather and 
traffic. Earth roads generally must be reshaped in the spring of the 
year and after heavy rains, and the motor grader is a very effective 
machine for this work. Blade graders hauled by tractors, or some¬ 
times by heavy trucks, are also useful for this purpose but require an 
additional operator in comparison with a motor grader The ma¬ 
chines selected for maintaining earth roads also will depend to a large 
extent upon the total mileage of this type of road under the jurisdic¬ 
tion of a highway organization, upon weather conditions at various 
times of the year, and uynm the (*haracter of equi])ment necessary 
for other maintenance operations. Since earth roads may be most 
easily reshaped after rains when the stiil is moist, a large amount of 
equipment might be r(‘ciuired for effective eartli road maintenance, 
and the less wealthy organizations otten must utilize many types of 
equipment which may not be completely effective for this one item 
of maintenance. It is desirable in climates exposed to freezing 
weather or prolonged rainy seasons to concentrate maintenance on 
earth mads just jirior to these seasons, so that the roads will be 
affected as little as possible by the adverse weather conditions. 


OILED EARTH ROADS 

Many clay and silt soils are extremely dusty in dry weather and 
soften readily in wet weather, and the use of oils to prevent dust 
and waterproof the surface has been a logical development in many 
areas, particularly where .suitable surfacing materials for light traffic 
roads arc not available locally. The oiling of earth roads is practiced 
in numerous areas of the United States but has developed to the 
greatest extent in the Middle West, particularly in the central and 
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southern sections of Illinois where heavy clay and silty loam soils 
are encountered and where deposits of gravel and stone are scarce. 

Oiling is practicable for many soils but is least applicable to soils 
which consist of almost pure sand and to those which have great 
capillary rise. 

The desirable characteristics of oils for application to earth roads 
are: (1) they should penetrate and mix witli the soil rather than form 
a surface mat or hard crust, which invariably will break up under 
traffic; (2) they should not separate into heavy and light fractions 
and hence be distributed non-uniformly throiigli the soil; and (3) 
they should waterproof the road surface. For tlicse reasons the resid¬ 
ual oils, known as slow-curing liquid asj)halt products, are generally 
more satisfactory than the more rapid-curing cut-back asphalt prod¬ 
ucts. Oils of SC-0 and SC-1 grades, described in Chapter VI, are 
suitable. 

Preparation of the Road Surface. A wide road surface is desir¬ 
able for an oiled road, particularly on silty soils, in order that traffic 
will not use a narrow lane but will tend to sjiread out and prevent 
rutting. Cood drainage is essential, and deep side ditches are often 
desirable to alleviate the effects of capillarity. The earth surface is 
carefully shaped and smoothed by blade graders or drags and is 
inilverized by means of disc harrows or a special heavy discing ma¬ 
chine. Blading or dragging after discing is necessary to obtain a 
smooth and uniform surface. This werrk is best performed in the 
spring of the year when the soil is somewhat moist and can be disced 
and shaped readily. 

Oiling. Practice varies in regard to oiling. Silty soils are gener¬ 
ally oiled most effectively when the soils are slightly moist, and oiling 
therefore usually follows immediately after the final dragging or 
blading of the surface. Oil of (^rade SC-0 (Table 4) is most widely 
used on such soils and usually is applied twice. The first application 
consists of y 4 to Y 2 S^l per sq yd and may be followed within two or 
three days by a second application of about 34 gal per sq yd. Some¬ 
times a third api)lication of about 34 gal per sq yd is made from one 
to several weeks after the second api)lication. It is desirable to close 
the roads to traffic until the oil has })cnctratcd the surface to a suffi¬ 
cient extent to prevent cutting of the surface and splashing on ve¬ 
hicles. In some cases oiling of one-half of the road at a time is prac¬ 
ticed to reduce the inconvenience to traffic; a wide road surface is 
desirable under such conditions. 

Clay subgrades which do not have high capillarity are generally 
allowed to dry out before oiling. They should be smooth and uni- 
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form at the time oil is applied and should be trued up when moist 
and allowed to iron out under traffic. The initial application is of 
oil of Grade SC-1 at the rate of % to gal per sq yd. After the oil 
has thoroughly penetrated the surface, a second application of oil 
of Grade SC-2 (Table 4) is made, and the oil is covered with a thin 
layer of to %-in. gravel or coarse sand, which is then bladed or 
dragged until thoroughly mixed with the oil. This treatment is 
widely described as the blotter or mulch method of oiling. 

Maintenance. The routine maintenance of oiled earth roads con¬ 
sists of blading and patching. The patching often is done with a 
mixture of the natural .soil and oil, or of the blotter covering and oil 
which is prepared at the time of oiling and stocked in piles or pits 
along the road. 

Re-oiling generally is necessary each year. Oiled earth surfaces 
often break up in the spring and bectnne very rough; thorough 
discing and dragging then becomes necessary before re-oiling. 

GRAVEL SURFACES AND FOUNDATIONS 

The construction of gravel road and street surfaces, when confined 
to areas in which nearby sources of gravel may be used, is relatively 
inexpensive because of the low costs of preparing the material, haul¬ 
ing it to the road or street, and constructing the surface. 

Essential Properties of Gravel. Gravel for road mixtures consists 
of stone particles or ^‘coarse aggregate,’’ sand, hilt, and clay. The 
dividing line between coarse and fine material varies with different 
highway organizations and is determined by means of a ’/i-in. screen 
or 4-, 8-, or 10-mesh sieves. 

Since the construction of gravel roads is essentially a procedure 
of utilizing available local materials, wide variations occur in the size, 
grading, and quality of gravel used. The coarse particles or [)ebbles 
should be hard, tough, and durable. The maximum size should not be 
greater than a 1-in. sieve for a gravel w^earing surface but often is re¬ 
stricted to a %-in. or sieve. Somewhat larger maximum sizes, 

iVt-in. and, occasionally, li/l>-in., are frequently used for gravel foun¬ 
dation courses. The proportion of coarse material should vary from 
about 40 to 65 per cent above a No, 4 sieve. The clay content of the 
mixture should vary from about 7 to 15 per cent. A single material 
is most desirable, but sometimes coarse and fine material are mixed 
together on the road. 

Bank gravels are used most extensively for gravel surfaces and 
foundations, and the preparation of the material will embrace excava- 
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tion ftiid scr66iiiiig • siid in&y include crushing if the percentage of 
^'oversize” material in the deposit is large enough to justify the use 
of a crusher. Crushed material is desirable because it adds stability 
to gravel road mixtures. Screening may consist of the removal of 
oversize particles only but may also include the removal of part of 
the fine material. The removal of fine material is avoided wherever 
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possible because the natural moisture content of most gravel deposits 
causes fine material to clog the screens. 

Cross-Sections. Typical cross-sections of gravel roads are shown 
in Fig. 58. Gravel surfaces are constructed by the “trench"' method 
or by the surface or “foathcredge” method. The surface method of 
construction is less costly than the trench nietliod and possesses the 
advantage of j>ernntting a road surface to he constructed in a series 
of relatively thin layers A somewhat higher content of binder in the 
gravel is necessary for the surface method of construction because the 
gravel is not held at the sides by the shoulders and must be firmly 
held together to jirevent being pushed out by traffic. The trench 
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method of construction is applicable to roads on which the gravel 
layer is to serve as a foundation, and a uniform thickness of gravel 
is desired. 

Construction. Surface Method. Subgrades for a gravel surface 
to be constructed by the surface method are usually prepared by 
means of blade graders. Subgrades in which clay predominates should 
be crowned in order to provide drainage and prevent water from 
collecting under the gravel surface. Sandy subgrades usually are 
shaped to a flat cross-section because it is advantageous to hold some 
moisture in the subgrade; the crowned surface then is obtained by 
having a greater thickness of gravel at the center than is necessary 
on a crowned subgrade. Subgrades should be smooth and reasonably 
well compacted before placing gravel, and this is usually accom¬ 
plished by allowing rain and traffic to consolidate the soil and by 
smoothing the surface with a blade grader until the subgrade is ready 
to receive the gravel. 

The gravel usually is spread directly on the subgrade by trucks, 
and care should be taken to secure as uniform a thickness as possible. 
Thin layers of 2 to 4 in are desirable, and some hand work with rakes 
and shovels may be necessary to secure a uniform thickness. A blade 
grader or truck scraper may be used lor spreading and smoothing 
the gravel; a spike-tooth harrow is very good for mixing the material 
and preventing the formation of a wavy surface. The placing of the 
gravel in thin layers makes compaction by traffic practicable. The 
surface should be floated by a blade grader until it is reasonably 
firm; the next layer then can be placed and compacted in the same 
manner. 

Trench Method. When the trench method of construction is fol¬ 
lowed, a trench of the required size and shape to receive the gravel 
is excavated on the subgrade. A blade grader generally is used to 
excavate the trench to the approximate cross-section when side forms 
are employed, and the subgrade is finished with a cutting template, 
which rides on the forms. Sometimes side forms are dispensed with, 
and the excavated earih from the trench acts as the side support for 
the gravel layer; this procedure does not produce as true a surface 
as placing between side forms. The subgrade should be compacted 
by rolling. 

Hauling is generally done by trucks, and the gravel may be spread 
directly on the subgrade between the side forms. Templates which 
ride on the side forms may be used for striking off the material to a 
uniform depth. The maximum depth of loose gravel in one layer 
should not exceed 6 in., and if the compacted gravel surface is to be 
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more than 4 in. thick, the gravel should be placed in two or more 
layers. Loose gravel compacts from 25 to 40 per cent, and the extent 
of compaction must be determined during placing and the thickness 
of the loose layer adjusted accordingly if the desired compacted 
thickness is to be obtained. 

After spreading, each gravel layer should be harrowed with a 
spike-tooth harrow in order to obtain a surface of uniform composi¬ 
tion and density. Each layer should then be thoroughly compacted. 
Compaction may be secured by the continued use of a spike-tooth 
drag alternately with a blade grader or drag, but a tamping roller is 
a much more satisfactory device. Three-wheel or tandem rollers are 
not generally satisfactory for compacting gravel layers because they 
do not compact the material from the bottom of the layer upward 
but form a hard crust at the top and also generally produce a wavy 
surface, owing to the pushing of the material in front of the roller 
wheels. Sheepsfoot and section rollers are most effective. The use 
of a tamping roller will be most successful when the gravel contains 
some natural moisture and when rolling is begun immediately after 
placing and harrowing and is completed before the moisture in the 
gravel has evaporated. Two or more rollers may be necessary if the 
gravel is placed in large quantities. The addition of moisture by 
sprinkling is not generally completely effective; when the practice is 
followed, the amount of moisture added should be rather small, and 
the gravel layer should immediately be harrowed and dragged to dis¬ 
tribute it as uniformly as possible through the gravel. Sometimes a 
light three-wheel or tandem roller is used for the final rolling to com¬ 
pact the upper inch or inch and a half of the wearing course. 

Calcium Chloride Treatments. Calcium chloride is hygroscopic, 
that is, it absorbs moisture irom the air, and it has been used very 
extensively for preventing dust and the resulting wear on gravel roads. 
It is produced in granular and flake forms, the flakes varying from 
% in. in size to much smaller ones, and the granules being somewhat 
smaller in diameter. The flake form, which is generally preferred, 
is usually purchased in moisture-proof paper sacks containing 100 lb, 
although it also may be obtained in steel drums containing approxi¬ 
mately 350 lb. The material is applied dry, direct from the sacks or 
drums, and the roadway surface should be smooth and firm at the 
time of application. The presence of an appreciable thickness of loose 
material on the surface of the road increases the amount of the cal¬ 
cium chloride necessary for binding the surface and therefore should 
be avoided. Applications arc best made with a spreader which is 
very similar to a lime spreader. Initial applications, following con- 
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struction, and the first application in the spring, under average con¬ 
ditions, generally should be made at the rate of 1 to 1.5 lb per sq yd, 
and additional treatments will require about 0.5 lb per sq yd. The 
number of treatments will vary according to raintall, traffic, and 
humidity, as well as the nature of the clay binder and surface condi¬ 
tion of the gravel surface; m the Great Lakes region, two to five 
applications are generally made between the months of May and 
October. 

Calcium chloride treatments are moderately expensive when ap¬ 
plied to gravel roads which have been constructed without stabiliza- 
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Fig. 59. Applying calcium chlonde to the surface of a gravel road. 

tion of the gravel mixture. Treatment of an 18-ft roadway with 2.5 
lb of calcium chloride per year will require about 26,400 lb of material 
and will cost approximately $300 per mile per year. A large amount 
of wear of the gravel surface will be prevented, but greater economy 
may be obtained by the construction of a stabilized type of gravel 
surface; this type of construction will be described later in this 
chapter. 

Maintenance. The routine maintenance of a non-stabilized type 
of gravel surface consists of reshaping and “floating” the surface to 
keep it smooth. Reshaping is usually necessary several times during 
the year to remove ruts, depressions, and “chatter-bumps.” A blade 
grader hauled by a tractor or a motor grader (see Fig. 80) is very 
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satisfactory for this work, which should be done when the road is 
moist so that the grader blade will cut easily. 

The routine floating of gravel surfaces is performed by means of 
blade graders, multiple-blade drags, and truck scrapers. The motor 
grader is more economical than the tractor-hauled grader because it 
requires only one operator. The multiple-blade drag is a very satis¬ 
factory machine for floating long sections of road where its operation 
is continuous. The truck scraper, which is fastened underneath the 
frame and between the front and rear wheels of a motor truck, is an 
eflScient and economical machine for routine floating. Speeds of 3 to 
8 mi per hr are maintained with truck scrapers. Both straight and 
curved blades are used on these scrapers, and pressure is applied to 
the road surface by means of air or oil pressure. The straight blade 
does not cut as deeply as the curved blade and is suitable for surfaces 
which are fairly smooth. 

Gravel must be added to gravel surfaces at periodical intervals; 
it is usually applied in layers not exceeding 2% in. in thickness. 

TRAFFIC-BOUND MACADAM SURFACES 

Traffic-bound macadam, as its name implies, consists of a broken- 
stone wearing course which is compacted by traffic, weather, and con¬ 
tinuous maintenance. The subgradc is flat or slightly crowned, and 
the wearing course is constructed by the surface method in much the 
same way as a gravel wearing course. 

Size and Nature of Stone. Limestone is generally used for traffic- 
bound macadam on account of its cementing property. Crusher-run 
stone is desirable, and the best results will be obtained with material 
which has a maximum size of % % ij^- and of which not more than 

25 to 30 per cent will pass through a No. 4 sieve. 

Construction. The subgrade is first shaped and compacted, and 
the stone then is applied in a layer not more than 1 to 1% in. thick. 
Traffic is allowed upon the surface immediately, and the surface is 
bladed at frequent intervals by means of a blade grader. Successive 
thin layers are then applied as each preceding layer becomes con¬ 
solidated; frequently the stone is placed at the sides of the subgrade 
in windrows and is bladed in gradually as the surface compacts. 

This type of surface finds its greatest use on local roads in areas 
where gravel is not available. Its principal disadvantage is the fact 
4.hat, while being comiiacted, it is hard on vehicle tires and dusty. 
When the traffic frequently is over 25 vehicles per day, it is desirable 
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to place a bituminous surface treatment soon after consolidation of 
the complete surface layer. 

Maintenance. The maintenance of an untreated traffic-bound 
macadam wearing course is similar to that of a gravel road, consisting 
of periodic blading of the surface and the addition of material where 
needed to repair breaks or depressions in the surface. 

SPECIAL ROAD SURFACES 

In many areas of the United States, local materials of a rather 
special nature are used for low-cost road surfaces and foundations. 

Limerock. Limerock is a soft limestone formation consisting 
principally of carbonate of lime which, when excavated, in many 
cases is more granular than fragmentary. It has a high natural 
cementing value which causes the material to bind together. It is 
found in Florida, Georgia, Alabama, and some other states, but its 
widest use is in Florida. The construction procedure is very similar 
to that of a gravel road by the trench method. Side forms are placed, 
and the material is spread carefully on the subgrade. A thickness of 
6 to 8 in. is common, and, in Florida, one-course construction has 
bech very successful. The material is watered and rolled, and is then 
scarified, watered again, and rerolled. The surface may be given a 
bituminous surface treatment or may form a base for a bituminous 
pavement. 

Caliche. Caliche is a soft, earthy limestone found principally in 
Texas and Arizona. Construction methods are very similar to those 
for Florida limerock. 

Low-Grade Iron Ore. Low-grade iron ore, consisting of hematite 
or limonite, is found in Louisiana, Arkansas, and Texas. It is used 
in construction similar to gravel and traffic-bound macadam, and, 
having high natural cementing value, it compacts and binds together 
to form a firm, smooth surface. 

Shells. Shells are used for base and surface courses in Maryland, 
Florida, Louisiana, and Texas. Both clam shells and oyster shells 
are used. In Louisiana the former are found in banks in the coastal 
plain region and the latter in reefs on the Gulf coast. Roads of these 
materials are built by the trench method; except when subject to light 
traffic, they should be given a bituminous surface treatment. 
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Our earliest knowledge of stable soil road mixtures was the result 
of investigations begun in 1906 by Dr C M Strahan in regard to 
the sand-clay roads of Georgia The theory of sand-clay mixtures 
was described in the Report of the First Conference (1917) of State 
Highway Testing Engineers and Chemists, as follows 

The present state of knowledge regarding these materials is derived 
from the comparative study of the road history under traffic of such 
roads and the mechanical analysis of the constituent materials The 
data secured indicate the necessity of classification and tests based 
upon a more complete separation of the ingredients than is usually 
given in a laboratory analysis Special definitions of the terms sand, 
silt, and clay are required, also a theory of their mutual interaction 
after consolidation It is belie\ed that the adhesne clay, acting as a 
binder in dry weather, and as a stopper to capillary openings by 
swelling in wet weather, must be supplemented by the interlocking 
strength of the sand aggregate both in dry and in wet weather, to 
support the weight and the wear of the traffic, while the non-adhesive 
silt gives aid to density and water resistance The proportions and 
sizes of the sand are highly important for the strength and wearing 
element The clay, owing to its expansion under wet conditions, 
should be present in minimum amount consistent with sufficient ad¬ 
hesion in dry weather, and the silt should form the inert filler for 
those voids not occupied by the clay The thorough intermixing of 
the ingredients is a vital factor, and a process of consolidation which 
will pack the loose mass from the bottom upward is of much conse¬ 
quence 

A further conception of the action of this class oi materials suggests 
that the fine aggregate passing a 10-mesh sieve may be regarded as a 
mortar capable of being used separately to forni the road slab, or of 
carrying anv amount of gravel or coarse aggregate up to the point 
where a (omplete gravel road is reached with this moitar as its binder 
Experience has shown that the addition of coarse material retained on 
a 10-mesh sieve and less than 2 in in size, provided the coarse material 
is itself present in graded sizes, increases the durability of these soil 
mixtures Further the analysis of the fine material passing a 10-mesh 
sieve in the well-known Augusta, Georgia, gravel, which possesses ex¬ 
cellent binding value, reveals a composition similar to some of the 
best topsoil roads in that state There is reason to think that the 
binder in washed gravel roads might very well be compounded on the 
same basis as successful soil road mixtures 

The successful use of these road soil mixtures, whether obtained on 
the surface, as topsoils, from substrata, or from artificial mixtures of 
clays and sand, depends primarily on the composition as to size, 
amount, quantity and uniformity of mixing of the three usual ingre¬ 
dients, and upon the adequate consolidation of the mass From the 
practical standpoint, the selection of the raw material should not be 
based on a too narrow analytic figure The natural deposits are of 
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variable composition. A number of samples from a selected area close 
to the work may not conform to a specific percentage. But it is 
usually possible to supplement deficiencies by adding relatively small 
({uantities of sand or clay, as the case may he, and secure in the mixed 
roadbed a fairly unitorin material whose analysis is satisfactory. The 
final acceptance of a material of this class should preferably be based 
on samples taken at specified intervals on the freshly laid and inter- 
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mixed roadbed and at such other points as the inspector may choose, 
where the indications are that the iiiixtuie is not uniform and satisfac¬ 
tory 

The success of the sand-clay roads of the southeastern United 
States was due in large measure to the excellent binder available in 
this area Dr Strahan considered kaolin as an ideal binder; its prop¬ 
erties, determined by means of the soil tests described in Chapter II, 
are approximately as follows: 


Liquid limit 

60 

Plasticity index 

26 

Shrinkage limit 

36 

Centrifuge moisture equivalent 

49 

Field moisture equivalent 

36 
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The soil constants of mixtures of clay, sand, and silt are, of course, 
modified by the sand and silt, and, for highly stable mixtures, will 
conform to the values given in Table 2 in Chapter II. The diagram 
of Fig. 16 shows the average grading of stable soil mixtures. A highly 
stable soil mixture, therefore, should have a binder conforming as 
closely as possible to the soil constants of kaolin plus a grading of 
its particles which closely parallels the curve of Fig. 16. 

As stated in the preceding quotation, the presence of coarse ma¬ 
terial (that is, gravel particles) increases the stability of soil mixtures 
and indicates that gravel road mixtures might be prepared on the 
basis of adding gravel particles to a stable mixture of sand, silt, and 
clay. This early conception of the principles underlying successful 
soil mixtures, together with the additional knowledge of soils provided 
by more recently developed soil tests, is the basis of methods of con¬ 
structing stable road and street surfaces of graded soil mixtures. 

The impossibility of securing soils possessing all the characteristics 
necessary for stable mixtures has resulted in the development of other 
methods and materials for constructing stable soil road surfaces. The 
use of bituminous materials for soil stabilization has developed rap¬ 
idly, and Portland cement has proved valuable for stabilization. 
Thus, stabilized soil surfaces and foundations, at the present time, 
may be classified into three principal groups: (1) graded soil surfaces 
and foundations, (2) bituminous types, and (3) foundations stabil¬ 
ized with Portland cement admixtures. 


GRADED SOIL SURFACES AND FOUNDATIONS 

Graded soil mixtures may be classified as fine-aggregate or sand- 
clay type of soil mixtures, and coarse-aggregate or gravel-type soil 
mixtures. 

Selection of Materials. The composition of the ideal sand-clay 
mixture, shown graphically in Fig. 16, and the permissible range in 
composition of sand-clay mixtures, are as follows: 


Ideal Range in 

Composition Composition 
Per Cent Per cent 

Clay 7.5 5 to 10 

Silt 15.0 10 to 20 

Fine sand (0.05 to 0.50 mm) 25.0 10 to 40 

Coarse sand (0.50 to 2.0 mm) 52.5 45 to 60 


Gravel-type soil mixtures should be regarded as sand-clay mix¬ 
tures plus coarse aggregate (that is, material above 2 mm or a No. 10 
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sieve opening in diameter). The presence of crushed stone, crushed 
slag, and granulated slag in coarse-aggregate mixtures has been found 
to increase their stability greatly. 

The precise determination of the separate portions of clay, silt, 
and sand in soil mixtures requires a mechanical analysis by the 
hydrometer method, which is a lengthy procedure and has not been 
found necessary. It has become customary to determine the grading 
of the portion of the soil mixture down to a No. 200 or a No. 270 
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sieve and rely on the liquid limit and plasticity index of the soil fines 
(that is, the material below a No 40 sieve opening in size) to control 
the proportion and quality of the binder. A No. 270 sieve, having 
an opening of 0 053 min, which corresponds almost exactly to the 
dividing line between sand and silt, is somewhat difficult to use; it 
has been found practicable to substitute the No 200 sieve. The 
limitations given in Table 11 are representative of present practice 
in specifying the composition and characteristics of soil mixtures 

Admixtures. Calcium chloride and sodium chloride (common 
salt) possess the ability to retard the evaporation of soil moisture 
and increase the cohesive strength of moisture films on soil particles 
over that supplied by plain w^ater, and therefore are extensively used 
as admixtures in graded soil surfaces. 

Cross-Sections. Graded soil surfaces arc generally constructed by 
the surface or featheredge method because of the greater adaptability 
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Specifications for Soil Mixtures for Wearing Courses and Foundation Courses 
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♦ This grading u suitable for mixtures containing gravel coarse aggregate and should be used for all mixtures containing crushed stone, gravel, or slag. 
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of this method to road-mix construction. A straight-line crown, with 
a slightly rounded section at the center of the roadway, is preferred, 
and the rate of crown, after compaction, should not be less than % in. 
per ft; a crown of % to % in. per ft is generally used. Low crowns 
tend to cause the formation of “potholes.” A typical cross-section 
of a gravel-type, graded soil surface is shown in Fig. 58(d). 

Construction of Gravel-Type Soil Surfaces. Gravel-type soil sur¬ 
faces may be constructed by mixing separate materials on the road- 
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way, by using natural soil mixtures having the required eoiiiposition, 
and by mixing separate materials prior to placing them on the road. 
The mixing of separate materials usually consists of mixing a binder 
soil with a graded soil containing sand and gravel. 

Road-Mix Constrvction. If a binder soil is obtained from the 
subgrade, it is scarified, broken up with rollers or disc harrows, and 
bladed (by means of a blade grader) in windrows along the shoulders 
of the road If all or part of the graded soil is to be obtained from 
the roadway (as in the case of an existing gravel road), the material 
in place is scarified and placed in windrows along the shoulders by 
means of blade graders. The additional material, in cither event, 
then is hauled to the road and distributed along the shoulders, a 
blade grader being used, if necessary, to place it in windrows. 
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After the subgi'ade is firm and hard, and true to cross-section and 
grade, the materials are thoroughly mixed by alternately spreading 
and windrowmg them with blade graders or by means of multiple- 
blade (liagN The inixtuie then should be placed in windrows on the 
shoulders. 

Soil surfaces of this type may best be compacted by means of 
rollers when the soil mixture is moist. Rains may be utilized to 
provide the necessary moisture, or water may be applied by means 
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of sprinklers If sprinkling is practiced, the subgrade is first sprin¬ 
kled, then about one-fourth of the mixture is bladed over the sub¬ 
grade and sprinkled, another one-fourth of the mixture is added and 
sprinkled This procedure repeated until all the mixture has been 
spread from the shoulders over the subgrade The sprinkling of the 
last layer is deferred until the roadway is shaped (by a blade grader) 
and partially rolled The water then is applied and rolling is con¬ 
tinued until the desired degree of compaction is obtained 

When calcium chloride or sodium chloride is used as an admixture, 
it generally is added just before the materials are mixed The ma¬ 
terials to be mixed are spread loosely over the subgrade and the 
admixture then is applied and is followed by mixing Calcium 
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chloride is added at the rate of about % Ib per sq yd per in of com¬ 
pacted surface up to a maximum of 4 in If a surface of more than 
4 m m thickness is built, the calcium chloride is added to the upper 
4 in only Sodium chloride also is added at about this same rate 
Compaction of these surfaces sometimes is left to traffic, but roll¬ 
ing is desirable Three-wheel rollers, tamping rollers, and rollers 
consisting of a number of pneumatic truck tires, mounted on separate 
axles, are used. 
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Fia 64 Closo-up mow of a completed giavel-type graded soil road surface 

Frequent smoothing of the surface generally will be necessary for 
one to three weeks after the load or street is opened to traffic, and 
additional sprinkling may be desirable 

When complete soil mixtures are obtainable from gravel deposits, 
the procedure of building the stabilized soil surface does not differ 
from that just described, except that the mixing of the materials, a 
graded soil and a binder soil is not required 

Calcium chloride and sodium chloride are not always incorporated 
as admixtures, and it may not be con\ enient, when a single soil of the 
desired composition is a\ailablt, to mix the salt with the soil at 
the source of supply The salt could, of course, be mixed with the 
soil on the road, but, since the complete soil mixture is already avail¬ 
able and merely requires placing, spreading, compacting, and smooth¬ 
ing, the salt is applied to the surface after compaction The same 
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quantity is used as in the former case, up to a maximum of about 
2 lb per sq yd. 

Plant-Mixed Materials. Adjacent gravel and clay deposits, con¬ 
taining suitable graded aggregate and binder soil, respectively, are 
found in some localities, and, when the quantity of material to be 
used is large, may be mixed together at the gravel deposit which 
furnishes most of the mixture. The entire operation may consist of 
screening or of screening and crushing the gravel, as well as mixing 
the two materials, and may be performed at a commercial gravel 
plant or by means of a portable plant* for individual projects. The 
equipment for plant-mixing of soils includes crushers for pulverizing 
the clay, proportioning devices, and a mixer. Both wet and dry mix¬ 
ing processes are used. Calcium chloride or sodium chloride usually 
is incorporated in plant mixtures because of the ease with which they 
may be handled. The plant-mixed material is hauled to the road or 
street and spread to the desired shape and thickness. It then is com¬ 
pacted and smoothed by the procedure which already has been 
described. 

Construction bij Special Machines. Soil road surfaces have been 
constructed by means of specially designed machines which pick up 
the materials from the roadbed, mix them, add water during mixing, 
and spread the mixture on the roadbed. Such machines arc adaptable 
only when a large amount of work is involved. 

Construction of Sand-Clay Type Soil Surfaces. Sand-clay or soil 
mortar surfaces are adaptable to locations where coarse aggregates 
are not economically available The construction procedure does not 
vary greatly from that described for gravel-type surfaces The nat¬ 
ural soil in the subgradc may be used for one ingredient if it has the 
essential characteristics. Sometimes natural topsoils, which fulfill all 
requirements, are available; in other cases, two or more separate soils 
may be mixed. 

Use of Graded Soil Mixtures for Shoulders. Graded soil mixtures 
are very desirable for the construction of shoulders on heavily trav¬ 
eled paved roads because they furnish a firm support for vehicles 
which, necessarily or accidentally, get off the pavement. Plant-mixed 
materials are desirable: 

Graded Soil Foundations. Graded soil mixtures provide very 
satisfactory base or foundation courses for intermediate- or high-type 
wearing courses and, therefore, are well adapted to stage construction. 

Maintenance of Graded Soil Surfaces. The maintenance of a 
graded soil surface involves blading or floating, patching, and treat¬ 
ment with calcium chloride or common salt. 
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The smoothing or floating of an ordinary gravel road is necessarily 
a practically continuous operation because the surface layer of gravel 
usually is somewhat porous and quite easily raveled and dislodged by 
traffic. The surface of an effectively stabilized soil wearing course, on 
the other hand, is hard and firm and cannot be easily cut by a grader 
blade when dry. Blading therefore should be done when the surface 
has been softened by rain. The motor grader (see Fig. 80) is an 
ideal machine for blading graded soil surfaces. These surfaces may get 
rough during prolonged periods of dry weather, and sprinkling may 
be desirable to soften the surface sufficiently for smoothing by means 
of a blade grader. 

Breaks in the road surface or depressions which may form may 
be repaired by patching, and rough areas may be corrected by patch¬ 
ing instead of by means of a blade grader. Patching mixtures should 
have a maximum size of % in. or less when thin patches are to be 
placed, and calcium chloride or common salt (depending on which 
was used for construction) should be incorporated in the mixture at 
the rate of 100 to 175 lb per cu yd to facilitate compaction. 

Soil road surfaces are best maintained when treated more or less 
regularly with calcium chloride or common salt. Two or three treat¬ 
ments per year arc generally sufficient. The first application in the 
spring usually will require about 1 lb per sq yd, and later treatments 
will require about half of this quantity. 

Additional material will be required at periodic intervals (of three 
to seven or eight years) to replace material lost by the action of traf¬ 
fic, maintenance, operations, and weather. Plant-mixed materials are 
desirable, but additional thickness may be secured by road-mixing. 

Graded soil surfaces arc adaptable to bituminous surface treat¬ 
ment if the subgradc beneath them is stable. Surfaces of considerable 
thi<‘kncs8 may be reepured on capillary soils to develop sufficient sup¬ 
port for bituminous surface treatments or thin wearing courses. 


BITUMINOUS TYPES OF STABILIZED SOIL FOUNDATIONS 

The use of graded soil mixtures is a very satisfactory solution of 
the problem of securing the necessary support for wearing courses or 
of the problem of providing relatively inexpensive, low-type WTaring 
surfaces, but it neee.ssarily is limited to areas in which soils having 
both satisfactory gradings and satisfactory Innders are available. 
The lack of such soils in many areas led to the use of bituminous 
materials for stabilizing inferior soils. The utilization of bituminous 
materials as admixtures is comparatively recent, and standardized 
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procedures have not been developed. However, the fundamental prin- 
ciples of soil stabilization by means of bituminous materials are well 
understood, and considerable success has been obtained in numerous 
locations. 

Bituminous materials may serve a dual function. They may 
waterproof soils which have detrimental capillarity, and they may 
provide cohesion for non-cohesive soils. Sandy soils do not require 
waterproofing, but it is desirable to increase their stability by fur¬ 
nishing cohesion. Cohesive clay soils have great stability as long as 
their moisture contents are below their plastic limits but are very 
unstable when their moisture content is equal to, or greater than, their 
plastic limits; waterproofing clays, therefore, is important in order 
to maintain their moisture contents low enough for stability. Soils 
in which silt predominates not only lack cohesion but also are highly 
capillary. Therefore, the function which bituminous materials must 
perform exerts a very important influence on the properties which the 
bituminous materials should possess. Heavy, adhesive materials are 
necessary to provide cohesion, whereas relatively thin materials may 
serve satisfactorily for waterproofing. 

Soils which are stabilized by means of bituminous materials, un¬ 
like graded soil mixtures of the sand-clay or gravel type, are not used 
for wearing courses for light to moderate traffic without bituminous 
surface treatment. 

The fact that some soils have a greater attraction for air or water 
films than for the films of bituminous materials used as admixtures 
was stated in Chapter II, and it may be desirable to add other ma¬ 
terials, such as soaps, pure limestone dust, or hydrated lime, in order 
to obtain the desired adhesion of the bituminous material. The tcch- 
ni(iue of this })rocedure has by no means been fully developed, but 
the swell test and th(‘ bitumen-water preferential test, described in 
Chapter II, are useful in determining these characteristics of soils, 
and the effect of additions of various materials in increasing the 
adhesive strength of the bituminous film. 

Bituminous Materials Used. Bituminous materials which have 
been used for soil stabilization include light to heavy tars; slow- 
curing, medium-curing, and rapid-curing liquid asphalt products; and 
emulsified asphalt. 

Light tars ((trade's KT-1 to RT-4, Table 1), (Tapte'i* VII are re*c- 
ommend(‘d for he'avy clay soils, and heavy tars ((trades RT-5 to 
RT-7) are recommendf'd for predominately sandy soils. Medium to 
lieavy tars are adai)table to soils in which silt ])redomiiiale's. 
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Slow-curing and medium-curing liquid asphalt products (see Tables 
4 and 5, Chapter VI) have given better results than rapid-curing prod¬ 
ucts on account of the separation of the heavy and light constituents 
of the latter when dependence is placed on diffusion to distribute the 
bituminous material through the soil. 

Emulsified asphalt mixes with and diffuses through soils very 
readily. Asphalt emulsions must be of the slow-breaking type in 
order to coat the soil particles thoroughly. 

Construction Procedure. The soil to be stabilized must be thor¬ 
oughly loosened and pulverized by means of scarifiers and disc har¬ 
rows. The prepared soil then is bladed into windrows at the sides of 
the roadway and spread over the roadway in layers from 1 to 2 in. 
in thickness, and the bituminous material is applied to each layer of 
soil. After all the bituminous material has been applied to the last 
layer of soil, the whole mass is thoroughly mixed by means of har¬ 
rows, blade graders, or multiple-blade drags. Some soils require the 
addition of water in order to facilitate mixing; this is particularly 
true of clay soils. In some cases the amount of water added has been 
determined by obtaining the optimum moisture by means of the 
Proctor test and allowing for the quantity of bituminous material 
used. 

Special mixing machines, which pick up the soil from the roadway, 
mix it with the bituminous material, and spread the mixture on the 
roadway, have been used in place of graders and harrows. 

Compaction of the mixture is best secured by means of tamping 
rollers of the types which already have been described. Three-wheel 
and tandem rollers are used for final compaction of the surface layer. 

Final Treatments. Since the mixtures of soil and bituminous 
material are not designed to resist the abrasive action of traffic, a 
bituminous surface treatment usually is applied soon after final com¬ 
paction if a low-type wearing surface is the obje(‘t sought. If the 
stabilized soil is to be the subgrade or foundation for a thick wearing 
course or pavement, the surface treatment ls omitted unless a rather 
long period of time will elapse before the construction of the wearing 
surface. 

Adaptability of Bituminous-Bound Soils, The stabilization of 
soils by means of bituminous materials has been practiced almost 
wholly for the purpose of obtaining low-cost road surfaces for light 
to moderate traffic, but the adaptability of this procedure to securing 
stable subgrades for more costly wearing courses or })avemcnts may 
be entirely practicable in many locations where defective subgrades 
are encountered. 
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The thickness of bituminous soil mixtures usually has varied from 
4 to 6 in. for low-cost road surfaces. Under unusually unfayorable 
conditions, it would appear necessary to have greater thicknesses for 
either low-type surfaces or subgrades below intermediate- or high- 
type pavements. 

STABILIZATION WITH PORTLAND CEMENT 

Experiments with soil-cement mixtures for light-traflSc roads and 
for stabilizing subgrades under pavements were first undertaken in 
South Carolina in 1932. The Portland Cement Association, in 1935, 
initiated an investigation to determine the effect of cement on sub¬ 
grade soils and to develop effective methods of construction. An 
extensive progress report of this investigation was published in 1938 
and was followed by a report, in 1940, on the results of tests of 
a large number of soil-cement mixtures. This discussion is based on 
these reports. 

Tests of Soil-Cement Mixtures. Soil-cement mixtures, to be effec¬ 
tive, must be mixed with sufficient cement to be durable; that is, they 
must resist the detrimental effects of moisture and frost when exposed 
to weather conditions. In addition they must contain that amount 
of water which will enable them to be compacted, while damp, to a 
dense mass. Three types of tests are employed to determine the dur¬ 
ability and the moisture-density relation: the Proctor compaction test 
(described in Chapter II), a wetting and drying test, and a freezing 
and thawing test. 

Several mixtures of soil and cement, containing varying propor¬ 
tions of cement (usually 4, 6, 8, and 10 per cent, by weight, of the 
oven-dry weight of the soil) are prepared, and the optimum moisture 
content of each is determined by means of the Proctor compaction 
test. 

Specimens of each mixture, mixed to optimum moisture content, 
are molded and allowed to hydrate in a damp atmosphere for 7 days. 
One group of specimens is then subjected to alternate wetting and 
drying and another group to alternate freezing and thawing. The soil 
losses and the volume and moisture changes in twelve cycles of each 
test are employed as a measure of the proportion of cement required 
to contribute satisfactory durability. 

Classes of Soils Adaptable to Treatment. Sandy soils (U. S. P. 
R. A. Groups A-2, A-3, and A-5) and silty soils (U. S. P. R. A. Groups 
A-4 and A-7) are definitely adaptable to treatment when the follow¬ 
ing conditions exist: 
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1. The liquid limit is less than 50. 

2. The plasticity index is less than 25. 

:i. The clay content is less than 35 per (*ent. 

1. The percentage of solids at the optimum iiioisturi* content is 
not less than 60. 

5. Tlie soil will develop a charjKderistically normal moisture- 
density curve. 

The sandy soils in general require about 6 per cent of cement for 
stabilization and the silty soils from 8 to 10 per cent. Clayey soils 
(U. S. P, R. A. Groups A-5, A-6, and A-7) may be greatly improved 
by the addition of about 10 per cent of cement but, in general, do not 
respond as well as the sandy and silty soils. 

Construction Procedure. The construction of soil-cement surfaces 
or subgrades, after the work of excavation and (‘inbankinent is com¬ 
pleted, involves scarifying and pulverizing of the soil, which are fol¬ 
lowed by processing. The term ^^processing^' is aj^plicd collectively 
to the operations of adding and mixing the cement and water, com¬ 
pacting the mixture, and final shaping of the surface. The surface is 
protected for a period of time and may be given a bituminous cover 
before it is opened to traffic. 

Scarifying and Pulverizing. The subgrade or roadway is scarified 
to a depth generally not over 6 in. and to a width about 12 in. greater 
than the width of the riding surface by means of road rooters or a 
scarifier attachment on a road grader. The soil then is pulverized 
by means of offset disc harrows (10 ft long and having discs not less 
than 24 in. in diameter). Most soils pulverize readily, but some soils 
may require drying for a day or two and others may require moisten¬ 
ing. A length of 1500 ft is generally pulverized before processing is 
commenced. The pulverized soil is smoothed to crown and grade by 
means of a blade grader and, if the work is performed during rainy 
weather, is covered with canvas or waterproof paper to shed rain. 
Normally, windrowing of the pulverized soil will be sufficient protec¬ 
tion against rain if provision is made for rapidly draining rainwater 
from the subgrade. 

Spotting and Spreading Cement. Sacks of cement are spotted by 
hand, longitudinally and transversely, at correct spacings to give the 
required quantity of cement per square yard of surface, which must 
be calculated in advance. The cement is then dumped from the sacks 
and spread by hand rakes or by a spike-tooth harrow. 

A protective cover, consisting of lumber platforms or about 6 in. 
of earth, is placed on any adjoining section of completed surface for 
a distance of 30 to 40 ft, in order to prevent the processing equipment 
from marring the surface. 
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Mixing Cement and Soil, The cement and soil are mixed together 
for the required width and depth (usually 6 in.) by means of spring- 
tooth heavy-duty field cultivators hauled by small tractors» making 
repeated trips until a thorough mixture is obtained. Occasional trips 
of the offset disc harrows may be desirable. A two or three bottom 
gang plow will speed up the mixing by turning up the bottom portion 
of the soil-cement mixture which is not mixed so effectively as the 
top portion by the field cultivators. 

Adding and Mixing the Water, The water required for optimum 
moisture content of the mixture is applied by means of pressure dis¬ 
tributors (see Chapter IX) in several increments. Each increment 
of water is mixed with the soil-cement mixture by means of the field 
cultivators. When about half the required amount of water has been 
applied, the entire material is turned over with the gang plows and 
mixing continued with the cultivator^ The moisture content of the 
mixture is checked before the final increment of water is added. 
The material adjacent to previous w^ork is moved away from the end 
of the completed section by means of a blade grader and as the final 
damp mixing is completed is moved back into position. The header 
board at the end of previous work is removed in this operation. 

The moisture content of the soil, before water is applied for mix¬ 
ing, is generally so low that it has but little influence on the hydra¬ 
tion of the cement, but the hydration of the cement proceeds normally 
after applying water and the damp mixing should be completed 
within 2% hours. 

Initial Compaction and Shaping. The damp soil-cement mixture 
is compacted by rolling with a shee])sfoot roller, which packs the 
mixture from the liottom u]). Wlien about one-half of the mixture is 
compacted, a blade grader works with the sheepsfoot roller shaping 
the roadway to crown and grade, until about 1 in. of material re¬ 
mains to be compacted. A final round trip of the grader is then 
made, and a spike-tooth harrow makes one or two round trips to 
remove compaction planes resulting from the operation of the sheeps¬ 
foot roller and the grader. 

Final Compaction and Shaping. Final compaction is obtained 
w'ith a tandem roller, rolling first at the edges and gradually moving 
in to the center of the roadway. After the rolling, the surface some¬ 
times is lightly jilaned with the blade grader and again rolled in the 
same manner. The damp mixing and compaction of the surface 
should be completed within six hours so as not to interfere with the 
normal setting of the cement. Care should be taken to connect old 
and fresh work at the same grade. 
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Protection of Surface. It is essential that the moisture be retained 
in the compacted surface to ensure the proper hydration of the 
cement. The surface of the roadway, immediately after final shaping, 
is covered with 2 in. of shoulder soil or with 4 in. of hay or straw, 
and this cover is kept continuously moist for seven days, only enough 
water being applied to wet the surface without causing free water to 
stand on it. The cover may be removed after seven days and the 
surface opened to traffic. 

Seal Coat or Carpet Coat. When the surface is to serve as a light- 
traffic roadway, a bituminous seal coat or carpet coat is generally 
applied, utilizing a mineral aggregate having a maximum size of % 
or % in. This type of surface will be described in Chapter X. 
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CHAPTER IX 


BROKEN-STONE SURFACES AND FOUNDATIONS 

Modern broken-stone roads first were constructed by Tresaguet 
(1764) in France, and by Telford (1805) and Macadam (1815) in 
England. Macadam used material of the same size for the entire 
thickness of the stone layer and insisted on a maximum size rarely 
exceeding 1 in. Both Tresaguet and Telford used large pieces of stone 
in the foundation course and covered them with smaller particles. 
The term “macadam” has come to mean surfaces constructed of 
angular fragments of broken stone. Telford’s name has been per¬ 
petuated in connection with foundations made of large-sized, flat 
pieces of stone. 

Waterbound macadam is a term denoting broken-stone surfaces 
and foundation courses bound together with a mixture of stone dust 
and water. The compaction of waterbound macadam layers is secured 
by rolling with a heavy power roller. 

Trafjic-bound macadam denotes broken-stone surfaces gradually 
compacted and bound together by the action of traffi(‘, dragging, and 
rains. This type of surface was described in Chajiter VIIL 

Bituminous macadam is a broken-stone layer bound together by 
means of a bituminous cement which is applied to the surface of the 
compacted stone layer and penetrates into the void spaces between 
the stone fragments. 

Cement-bound macadam is similar in the method of construction 
to bituminous macadam, being bound together with Portland cement 
mortar instead of bituminous material. 

WATERBOUND MACADAM SURFACES AND FOUNDATIONS 

Waterbound macadam surfaces were well adapted to horse-drawn 
steel-tired vehicles because the action of the horses’ shoes and the 
steel tires produced fine material to replace that worn away by traffic. 
They cannot withstand the suction and abrasive action of rapidly 
moving rubber tires, and they ravel and deteriorate rapidly unless 
protected by a bituminous wearing surface. Strictly speaking, there- 
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/ore, waterbound layers are seldom used as surfaces hut are exten¬ 
sively used as foundations or base courses. 

Materials, ("rushed limestone and dolomite are used most exten¬ 
sively for building waterboimd macadam surfaces and foundations 
because they possess the essential properties of hardness and tough¬ 
ness and because the fine particles that are obtained in crushing, 
when mixed with water, form a natural cement. Crushed blast-fur« 
nace slag, crushed traprock, crushed granite, and crushed boulders 
also are used. 

Essential Properties of the Stone. The stone should be structur¬ 
ally sound, reasonably hard and tough, and the dust resulting from 
crushing, when mixed witli water, should have cementing i)roperties. 
Many deposits of comparatively soft stoiu‘ have been successfully 
used for waterboimd macadam construction, particularly on roads 
and streets which do not carry large numbers of heavy vehicles. As 
the weights of vehicles and the proportion of heavy vehicles increase, 
the higher should be the (piality of the stone. A maximum percentage 
of w’car of 6 to (S in the Deval abrasion test^ is generally recom¬ 
mended for crushed stone. A unit weight of 00 to 6^ lb per cu ft is 
widely used to control the (piality of blast-furnace slag. The Los 
Angeles abrasion testing machine^ is rapidly replacing the Deval 
abrasion machine as a means of determining the quality of broken 
stone; a percentage* of wear of 37 to U) after 500 revolutions is quite 
representative of specifications which specify this test for broken 
stone for waterboimd macadam. No gen(‘rally accepted test for 
determining the cementing property of stone dust has been developed. 

Size and Gradinq. The same size of crushed stone or crushed slag 
is generally used in all courses or layers of waterboimd macadam 
surfaces because of the convenience of storing and handling. Soft 
stone should be largiT than hard stone because it fractures to a 
greater extent when rolled. Thb American Association of State High¬ 
way Officials recommends two sizes of crushed stone as follows: 


1 to 2 in. 

Pkr Cknt 

Pa.ssinjr 2^4--in. siovo 

100 

PaNMUK 2- in. sieve 

90 to 100 

Passing U4-in. sieve 

35 to 70 

Passing 1- in. sieve 

0 to 15 

2 to 3 in. 


Passing 3V2-in. sieve 

100 

Pa.s.sing 3- in. sieve 

90 to 100 

Passing 2- in. sieve 

0 to 15 


iSce current Book of A. S. T. M. Standards for a description of this test. 
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A combination of the foregoing two sizes also is used. Larger sizes 
of stone are sometimes specified, but they are extremely difficult to 
spread so that a true surface is obtained. The 2- to 3-in. size presents 
some difficulties in this respect and requires more care in placing than 
the 1- to 2-in. size. 

The specifications of the American Association of State Highway 
Officials provide for two sizes of screenings for filling the voids in 
waterbound macadam, as follows: 


0 to No. 4 sieve 

Per Cent 

Passing %-in. sieve 


100 

Passing No. 4 sieve 

85 to 

100 

Passing No. 100 sieve- 

10 to 

30 

0 to Va-in. 



Passing %-in. sieve 


100 

Passing Vi-in. sieve 

90 to 

100 

Passing No. 100 sieve 

10 to 

30 


Cross-Sections. The thickness of a broken-stone layer is limited 
to the depth which may be thoroughly compacted by a heavy roller. 
This depth is about 6 in., loose. Broken stone compresses under roll¬ 
ing, as a general avel’age, apnroximately 20 per cent of its loose 
thickness. If^a standard dressed 2-by-6-in. board is used for a side 
form, the thickness of the loose layer after spreading will be about 
5% in. and will compress under rolling to about 4% in.; this is about 
the maximum practicable thickness. Two courses or layers of broken 
stone usually are necessary on ordinary subgrades to secure a suit¬ 
able thickness; w'hcn thicknesses greater than 9 in. are to be provided, 
the stone should be placed in three layers. 

Broken-stone surfaces commonly vary in thickness from 7 to 9 in., 
although they may be either thicker or thinner, and the thickness 
may be uniform or variable. With unusually stable subgrades or 
stable foundations of other materials, a single layer of broken stone 
may be sufficient. The crown on waterbound macadam roads is some¬ 
what flat because such roads are almost always covered with a bitu¬ 
minous surface treatment. The usual rate of crown is ^4 per ft, 
which gives a total crown of 2% in. for a width of surface of 20 ft. 
This rate can be reduced slightly if care is taken to obtain a true 
surface during construction and to maintain the surface contour after¬ 
wards Typical cross-sections are shown in Fig. 65. 

Pret^aration of Subgrade. The subgrade should be compacted as 
uniformly as possible. The preparation of the subgrade is especially 
important because a waterbound macadam layer not only is flexible 
but it cannot be reshaped, as can a gravel layer, by means of a blade 
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grader or similar machine. Some method of stabilization may 
necessary on some soils, particularly sands and silts. Construction 
on many clay soils is feasible if permeable soils are brought in for the 
shoulders. Highly capillary and elastic clay subgrades are very un¬ 
satisfactory and should be stabilized Construction on sandy soils is 
very difficult unless clay is mixed with the soil or a blanket course of 



Waterbound Macadam Surface with Bituminous Surface Treatment 
Two Course Uniform Thickness 


-9 -0' or 10 -0- ^ --9 -0 or 10 -O' 



Bituminous Surface Treatment Macadam Pavement 
Pennsylvania Department of Highways 



Fig 65 Cross-scctions of broken-stone pavements 

sand-clay or sand-clay gravel is placed between the subgrade and the 
first course of stone 

Waterbound macadam layers are almost always constructed by 
trenching the subgrade to obtain the necessary quantity of earth for 
the shoulders. The earth shoulders are often used to confine the edges 
of the broken-stone layers, but much more satisfactory results will be 
secured by having side forms for each layer, which are kept in place 
until the layer has been rolled and bound The shoulders should be 
shaped and compacted adjacent to the edges of the lower course of 
broken stone before the stone for the upper course is spread in order 
to give side support. 
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Unloading and Hauling the Stone. If the stone is obtained direct 
from a crushing and screening plant, it is loaded direct into the haul¬ 
ing vehicles from bins. When stone is shipped in cars from producing 
plants, several methods of loading vehicles may be followed. On 
work of large magnitude, unloading by means of cranes is economical. 
On overage work, car unloaders of the belt conveyor type having a 
hopper placed beneath a bottom-dump (gondola) car are very com¬ 
mon. 

Broken stone may be hauled in wagons, on industrial railways, 
or in motor trucks, the last being by far the commonest. Large 
trucks, having capacities of 3 to 5 cu yd, are desirable for hauling 
stone. 

Placing the Stone. The placing of the broken stone is an ex¬ 
ceedingly important part of the construction of a watcrbound 
macadam layer. It is essential that the stone be spread uniformly 
in order to obtain a surface which will have smooth riding qualities. 
Dumping the stone in large piles on the subgrade and spreading it 
out from these piles usually results in the segregation of sizes; the 
stone which is left in the original pile is more compact than that in 
the surrounding areas, and uniform compression by means of rolling 
is practically impossible. Before the development of the present types 
of dump trucks, it was generally considered necessary to dump the 
stone on dumping boards or platforms or in piles along the sides of 
the roadway and to place the stone by means of hand shovels. This 
method is costly and has been supplanted very largely by the use of 
mechanical spreaders. It is possible for a skilled truck driver and 
an experienced helper to spread stone directly from a dump body by 
carefully controlling the tail gate opening and the movement of the 
truck; the mechanical spreader, however, j)rovides a more efficient 
and accurate method. 

In order to secure the proper and uniform thickness of a course of 
broken stone, side boards, or forms, of correct height arc necessary. 
Center boards sometimes are used, but rows of stakes set at proper 
elevations or of blocks equal in height to the correct depth of the 
loose layer are more satisfactory. String grades also arc used for 
this purpose. The necessity of properly preparing the subgrade and 
of having its surface parallel to the finished surface is apparent. A 
check on the placing of the stone may be secured by calculating the 
longitudinal distance which each load of stone should cover. 

Rolling the Stone. After the stone has been placed, it is rolled 
with a heavy roller which should be of the three-wheel, or macadam, 
type and weigh not less than 10 tons. Rolling should begin at the 
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sided of the broken-stone layer if side forms are used and should over¬ 
lap the shoulders for a distance of 12 to 18 in. if they are not. It 
should progress gradually toward the center, parallel to the longitu¬ 
dinal axis of the road, with a uniform overlap on each succeeding trip 
of the roller. Rolling is continued until the stone has become thor¬ 
oughly keyed: this condition is reached when the stone no longer 






Covrtesy of the Bnrch Corporation 

FiCi 66 Mechanical spreader fo* placing broken stone The box is pulled by 

the truck 

creeps or waves ahead of the roller During the first trips of the 
roller, low places may develop in the stone layer, they should be 
corrected by slightly roughening the surface and adding more stone 
Application of Screenings. The screenings may be spread by 
means of mechanical spreaders or by hand When hand methods are 
used, the screenings should be deposited in piles along the roadway 
or on dumping boards and broadcast over the surface with shovels 
with a circular sweeping motion to a depth just sufficient to cover the 
stone. The surface is now broomed with fiber brooms which push 
the screenings into the void spaces in the stone. The surface is then 
thoroughly rolled and more screenings added in small quantities until 
no more screenings can be forced into the voids in the coarse stone. 
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The broken-stone l&yer then is sprinkled with wster Bnd more screen¬ 
ings added when necessary. The sprinkling, adding screenings, 
sweeping; and rolling is known as puddling and is a very important 
part of the construction of a macadam layer. The puddling operation 
is continued until a wave of grout flushes ahead of the roller. The 
quantity of screenings required to fill a waterbound macadam layer 
will vary according to the size and quality of the coarse stone, the 
size of the screenings, and the amount of puddling, and generally will 
be equal to about 20 oer cent of the volume of the compacted layer 





i<io 67 Three-wheel roller, macadam type 


for base and intermediate courses, and about 25 per cent for the top 
course. 

A waterbound macadam layer must be allowed to dry out before 
placing a bituminous surface treatment or wearing course 

Maintenance. Inasmuch as a waterbound macadam surface is 
almost always constructed ^\lth a bituminous covering, its mainte¬ 
nance IS similar to that of any bituminous surface and will be 
described in Chapter X 


TELFORD FOUNDATIONS 

A Telford foundation is constructed by placing flat pieces of ledge 
stone on the prepared subgrade, filling the interstices with small stone 
particles, and rolling with a heavy roller. The stone blocks vary from 
3 to 8 in. in thickness and from 4 to 15 in. in width and length, and 
are placed by hand. These foundations have been used on subgrades 
having low supporting power; they are expensive, and other methods 
of securing subgrade support are generally more economical. 
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BITUMINOUS MACADAM PAVEMENTS 

A bituminous macadam pavement consists of a lower or base 
coursCi usually of dry-rolled broken stone or waterbound macadam, 
and a wearing course of bituminous macadam. In addition, sub-bases 
of broken stone, bank gravel, or field stone, are often used on sub¬ 
grades of low supporting power; Telford foundations are also used. 
A representative cross-section is shown in Fig. 65. 

The stability of the bituminous macadam layer depends upon the 
quality of the mineral aggregate, the thorough interlocking and com¬ 
paction of the mineral particles, the cementing ability and quantity 
of bituminous material, and the thorough sealing or waterproofing of 
the surface, in addition to good subgrade support. The ideal mineral 
aggregate for bituminous macadam should be reasonably uniform in 
size, and hard and tough, so that, after compaction, the surface will 
be ^^open’* and will allow the bituminous material to penetrate the 
layer thoroughly. A graded coarse aggregate (that is, one composed 
of several sizes of particles) has small surface openings and void 
spaces and does not permit free penetration of the bituminous ma¬ 
terial; similarly, a soft aggregate tends to fracture under a heavy 
roller and close up the surface, thereby preventing good penetration 
of the bituminous material. The bituminous macadam layer is con¬ 
solidated by means of heavy rollers, and additional interlocking of 
the stone fragments is obtained, after the layer of coarse aggregate 
has been placed, compacted, and penetrated with bituminous material, 
by applying a small quantity of smaller stone fragments (known as 
keystone, choke stone, or filler stone), which are wedged into the sur¬ 
face voids by means of rollers. The surface is finally sealed by 
applying a thin seal coat or cover coat of bituminous material and 
small stone chips. 

Hard stone is not available in many areas, and soft stone is suc¬ 
cessfully used by varying the procedure for hard stone. 

Heavy asphalts and heavy tars, which must be heated for appli¬ 
cation, are used for the hot-penetration construction of bituminous 
macadam, and emulsified asphalt is used for cold-penetration con¬ 
struction. 

Hot-Penetration Construction with Hard Stone 

The successive operations in the construction of a bituminous 
macadam wearing course by the hot-penetration process, after the 
base course has been constructed, are as follows: 
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1. Placing the coarse aggregate on the base or foundation 
course. 

2. Thorough compaction of the coarse aggregate by means of 
heavy rollers. 

3. Application of the bituminous material by means of pressure 
distributors. 

4. Spreading and rolling of the filler stone. 

5. Application of the bituminous material for the seal coat. 

6. Spreading and rolling of the stone chips for the seal coat. 

Crushed Stone. The term “hard stone,” as used in this book, 
refers to hard varieties of granite and traprock, particularly, and may 



Courtesy of Rhotfr, TslnnrJ Board of Public Bonds. 

Fk;. 68. Uniformly gradod (•nislio<l sloiu' nocc'ssary fur uniform ix'iK'tration of 

hituminous bindf'r. 


include some limestones and (juartzites. The quality of stone is illus¬ 
trated by the practice of the Division of Roads and Bridges of the 
Department of Public Works of Rhode Island in specifying a maxi¬ 
mum percentage of wear of 2.7 (in the Deval abrasion machine) and 
a minimum toughness" of 15. Comparatively small stone is used for 
the coarse aggregate because it is sufficiently strong to resist fracture 
under a heavy roller and a smoother surface is more easily obtainable 
with small stone than with large stone; a product ranging in size; 
from 1% to 2^ in. (measured by square opening sieves) is commonly 
used. The filler stone must he large enough to act effectively in 

2 See Standard Spcriiirntions, Ampri<*an Assonation of Statu Highway Offirialsi, 
for a de.«»rnption of this lost. 
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wedging between the particles of coarse aggregate after the latter 
have been placed, rolled, and penetrated with bituminous material; 
a product varying from 1 in. or % in. to Ya in. (square openings) is 
widely used. The stone chips generally vary from % or in. to 
a No. 4 sieve opening in size. 

Bituminous Material. The grade of bituminous material for hot- 
penetration construction sliould vary according to climatic and traffic 
conditions. The three grades of oil asphalt most widely used in the 



Couriesv of Rhode Inland Hoard of Public Roads. 


Fig, 69 Broakago of soft slono undor lollrr Unless eoriected, the hiUiminous 
binder wdl not penctiatc nniformlv and a “fat” spot will oeeur. 

United States embrace consistencies ranging in penetration (at 77° F) 
from 70 to 85, 85 to 100, and 100 to 120. The first grade, 70-85 pene¬ 
tration, is suitable for heavy traffic conditions m the southern states; 
85-100 penetration asphalt, for moderate to heavy traffic conditions 
in the northern states and for light traffic conditions in the southern 
states; 100 to 120 penetration asphalt, for light traffic conditions in 
the northern part of the United States. Native lake asphalt is gener¬ 
ally restricted to Bermudez Lake asphalt cement (i e , it is fluxed), 
and a slightly softer product, as determined by the penetration test 
at 77° F, IS used in comparison with oil asjihalt Corresponding 
grades of oil and B(‘nnudez Lake asphalt are as follows: 

()iG Asi'h m t lihKM cdi.// Imkk Aschalt 

70- S5 S5-1(M) 

S5-100 1(K1-120 

100-120 120-150 
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Three grades of tar are most widely used. Grade RT-11 (see Table 
9) is suitable for the northern United States; Grade RT-12 for the 
southern United States; Grade RT-10 for light to moderate traffic 
conditions in the northern United States. 

Spreading the Coarse Stone. The coarse stone for bituminous 
macadam requires careful spreading to secure uniform thickness, a 
smooth surface, and freedom from segregation of sizes. Spreader 
boxes are desirable, and some hand spreading with rakes is required 
to obtain a smooth surface. 

Rolling the Coarse Stone. The coarse stone is rolled with a heavy 
three-wheel roller weighing not less than 10 tons, and rolling is 
continued until the stone is thoroughly compacted and the surface 
conforms to the desired cross-section and longitudinal grade. This 
operation is extremely important in obtaining consolidation and sur¬ 
face smoothness, and all irregularities which develop in the stone 
layer should be corrected by roughening the surface stone, removing 
and adding stone where necessary, and rerolling. Corrections are 
conveniently made before the bituminous material is applied but are 
very difficult to make afterward. 

Application of Bituminous Material. Pressure distributors are 
used to apply the bituminous material. A pressure distributor (see 
Fig. 70) consists of 

1. A tank for holding the bituminous material. Usually the 
tank is insulated so as better to control the temperature at 
which the material is applied. 

2. A separate power unit for pumping the bituminous material; 
sometimes compressed air is used for this purpose. 

3. Oil burners for heating the material in the tank. 

4. A spray bar, which consists of a pipe with openings into 
which spray nozzles are fitted; this spray bar is attached to 
the distributor at the rear and usually consists of several 
sections so that applications of various widths may be made. 

Distributors should be equipped with thermometers and devices 
for measuring the quantity of material being applied. Pressure dis¬ 
tributors commonly are constructed in 600-, 800-, and 1000-gal capaci¬ 
ties. (A distributor in operation is shown in Fig. 76.) 

The quantity of bituminous material varies in accordance with the 
thickness of the stone layer. Roughly, the total quantity of bitumi¬ 
nous material in gallons, the maximum size of the coarse stone in 
inches, and the thickness of the coarse stone layer in inches, are 
approximately the same. If 2%- to V/^-in, stone is used for the 
macadam layer, approximately 1% gal of bituminous material per 
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sq yd will be required for the first, or penetration, application and 
% gal of material per sq yd for the seal coat. 

Asphalt products are generally applied at temperatures of 300® to 
375® F and tar products at temperatures of 200® to 275® F. The 
stone should be thoroughly dry at the time of application of the 
bituminous material in order that good adherence of the latter to the 
stone will be secured. The width of the application generally should 
be a uniform fraction of the total width of the wearing course; widths 
up to 20 ft may usually be covered in one application and eliminate 
the danger of applying too much or too little material at the junction 
between two applications. Uniform application of the bituminous 



material is essential, and great care should be exercised particularly 
at the beginning and at the end of the application of distributor loads 
of material. Deficient applications at connections with previous ap¬ 
plications may be prevented by covering the treated surface a short 
distance back of the end of the previous application with building 
paper, and starting the new application on the building paper; when 
the uncovered surface is reached, the distributor is operating at the 
normal rate. The flow of tht^ distributor should be cut off before the 
tank is completely emptied to avoid non-uniform application due to 
non-uniform flow. Irregular areas, such as portions of curved inter¬ 
sections, which are difficult to cover with a distributor, may be cov¬ 
ered with a hand spray attached to the distributor tank. 

The necessity of correctly determining the proper amount of bitu¬ 
minous material deserves emphasis. An excess of bituminous material 
destroys the interlocking of the stone fragments and results in a wavy 
and rutted pavement which can be corrected only by removal and 
replacement of the wearing course. A deficiency of bituminous ma¬ 
terial will permit the entrance of water which will tend to destroy 
the adherence of the stone and bitumen and, if freezing occurs, may 
destroy the bond between the stone fragments. 

Hot-penetration construction is essentially a warm-weather opera- 
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Cout test/ oj Rhode Island Board of Public Roads. 


Fia. 71 Proper amount of coarse stone chips or “keystone.” 



Courtesy of Rhode Island Board of Public Roads. 

Fig. 72. Excessive amount of coarse stone chips; they tend to crush under rolling 
and prevent good adherence of the seal coat. 
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tion, and the best results will not be obtained if conducted in very 
cool or cold weather on account of the rapid chilling of the bituminous 
material as it comes in contact with the cold stone. The North Caro¬ 
lina Highway and Public Works Coiiunission permits the application 
of bittuninoiis material only when the air temperature is above 50° F. 
The construction of bituminous macadam is suspended by the Rhode 
Island Department of Public Works between October 15 and May 10 



Courtesy of Rhode Island Board of PuhJio Roads. 
Fic. 73. Siirfaro of seal coat aflrr rolling. 


and by the California Department of Public Works between OctolxT 
1 and May 1. 

Placing Filler Stone. The stone used for filling tlie surface voids 
should be spread immediately after the application of the bituminous 
material. It is desirable to spread this stone by broadcasting with 
hand shovels, but mechanical spreaders are sometimes used. The 
quantity of stone should be just sufficient to fill the surface voids, and 
10 to 20 lb per sq yd usually is sufficient; the stone frequently is 
swept into place with hand push brooms to distribute the fragments 
most effectively. A surplus of stone should be avoided as it will crush 
under the roller and form an excessive amount of dust which will 
prevent adherence of the seal coat to follow. The stone is rolled 
immediately after spreading so that it will adhere to the bituminous 
material before it hardens. 

Placing Seal Coat. After the filler stone has been spread and 
rolled, and surface irregularities corrected, a seal coat is applied. An 
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application of bituminous material, at the rate of ^ to 1 gal per sq 
yd, is made in the same manner as the first application. The stone 
chips are then spread by mechanical spreaders or by hand broad¬ 
casting and the surface is immediately rolled. The quantity of stone 
chips should be just enough to cover the surface and take up the bitu¬ 
minous material and usually will vary from 15 to 30 lb per sq yd. 
Sweeping of the surface prior to the application of the bituminous 
material usually is desirable to remove dust and any excess filler stone 
that may be present. 


Hot-Penetration Construction with Soft Stone 

The method of hot-penctration construction which has just been 
described is suitable when comparatively hard stone is available and 
applies to stone which will not crush seriously while being rolled. As 
already stated, the practice in Rhode Island utilizes stone having a 
maximum percentage of wear of 2.7 and a minimum toughness of 15. 
The Department of Public Works of Massachusetts specifies a maxi¬ 
mum percentage* of wear of 3 and a minimum toughness of 12. The 
same construction procedure is followed by the Pennsylvania Depart¬ 
ment of Highways which specifies a maximum percentage of wear of 
5 and a minimum toughness of 6 Tlie Department of Highways of 
Ohio has developed a successful method of using crushed stone having 
a maximum percentage of wear of 6 and a minimum toughness of 5 ; 
crushed slag having a maximum percentage of wear of 15 and a mini¬ 
mum weiglit of 70 lb per cu ft is also used. The Ohio method of con¬ 
struction differs from that described for hard stone in the following 
respects: 

1. A slightly larger size of crushed stone, or crushed slag, is 
used, ranging Irom 3 in to 1 in , or 2’^ to lYj in., based on 
square opening sieves, and is placed to a compacted depth 
of 3 in. 

2. Slightly smaller filler stone and cover stone are used, the 
former being from -* 4 -in. to a No. 4 sieve opening in size 
and the latter from %-in to a No 8 sieve opening in size. 

3. The coarse stone is not rolled to as great an extent as hard 
stone. 

4. The bituminous material and filler stone are applied to the 
coarse stone in two applications, rolling following each appli¬ 
cation of filler stone. The rolling not only embeds the filler 
stone but also aids in compacting the coarse stone to a 
greater extent. Cover stone (%-in. to a No. 8 sieve in size) 
may be substituted for the larger filler stone when conditions 
warrant. The first application of bituminous material varies 
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from 0.8 to 1.2 gal per sq yd and the second application from 
0.6 to 1.0 gal per sq yd with a total of about 1.8 gal per 
sq yd for the two applications. Each application of filler 
stone consists of 15 lb of crushed stone or 12 lb of crushed 
slag per sq yd. 

5. A bladed or dragged seal coat is used instead of a plain 
carpet or cover coat, the crushed stone or crushed slag being 
applied first, covered with cut-back asphalt, medium tar, or 
emulsified asphalt, and the two materials being mixed to¬ 
gether by means of a long-base blade drag. Thorough rolling 
follows this mixing process Approximately 30 lb of crushed 
stone or 24 lb of crushed slag, and 0 6 gal of bituminous 
material are used for the seal coat. 


Cold-Penetration Construction 

The usual thickness of bituminous macadam wearing courses con¬ 
structed by the cold-penetration method is 2 in. but may vary from 
2 to 4 in. The 1- to 2-in. stone, described for waterbound macadam, 
is suitable for this method of construction, although other sizes are 
used. Some engineers prefer a to 1^^-in stone and 2- to 3-in. 
stone is sometimes used when a 3^- to 4-in. layer is to be con¬ 
structed. Slightly smaller keystone, or coarse chips, and chips are 
used, the former usually varying from %-in. to a No. 4 sieve opening 
in size, and the latter from a No. 4 to a No 10 sieve opening. 

A suitable quick-breaking emulsified asphalt was described in 
Table 6, Chapter VI. 

After the coarse stone is spread and compacted, the voids are filled 
to within % in of the surface with the small chips which are spread 
by hand broadcasting or by means of a mechanical spreader, rolled, 
broomed into the voids, and broomed again. A light application of 
emulsified asphalt is then made and allowed to break down and 
harden for not less than 12 hours. The surface is then rolled once, 
the remaining voids are filled with the coarse chips by brooming the 
stone, and the surface is again rolled. Another application of emulsi¬ 
fied asphalt is made, allowed to stand for 12 or more hours, and the 
surface then is thoroughly rolled. Small chips are then spread over 
the surface at the rate of 20 to 30 lb per sq yd and broomed and 
rolled thoroughly. A third application of emulsified asphalt is then 
made, again allowed to stand for not less than 12 hours, and the siu*- 
face is again rolled once. Fine sand is next applied at the rate of 
8 to 10 lb per sq yd, is thoroughly broomed with a broom-drag (see 
Fig. 75), and any excess removed by hand or power brooms. The 
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final application of emulsified asphalt is made at the rate of to 
% J5**l P^r yd and allowed to stand until the “tackiness” has dis¬ 
appeared, when the ])avement is opened to traffic. If traflBc is allowed 
to use the ])aveiuent while the surface is sticky, a small quantity of 
sand may be applied to prevent picking up the asphalt. 

The quantity of emulsified asphalt will vary with the thickness of 
the pavement as shown in Table 12. 

TABLE 12 

Quantities of Emulsified Asphalt for Bituminous Macadam 
Wearing Courses 


Thickness of Pavement, inches 

2 

3 

4 


Gallons per square yard 

First application ... 


yto 1 

Vs to 

Second application 


h to 

Hto lyi 

Third application 

Hto y. 

h to H 

^8 to 5^ 

Fourth application (seal coat) 

Hto 


K to % 

Total quantity 

lhto2 

2}ito2H 

2^0 3 


MAINTENANCE OF BITUMINOUS MACADAM PAVEMENTS 

The mainteiiaiice of bituminous macadam pavements consists of 
the replacement of any defective area.> which may develop, the cor¬ 
rection of depressions by patching, and the occasional renewal of the 
seal coat. The jirocedure is very similar to that for bituminous- 
treated surfaces, which will be described in Chapter X. 


BITUMINOUS MACADAM FOUNDATIONS 

Bituminous macadem foundations or base courses are generally 
3 to 4 in. in thickness and are usually constructed on gravel or 
crushed stone sub-bases having a thickness of 4 to 6 in. The method 
of construction is the same as for bituminous macadam wearing 
courses, except that a smaller quantity (1 to 1^4 gal per sq yd) of 
bituminous material is used for the penetration application, and the 
quantity of keystone and chips is just enough to fill the surface inter¬ 
stices in the macadam layer without covering the coarse stone itself. 



CEMENT-BOUND MACADAM PAVEMENTS 


193 


CEMENT-BOUND MACADAM PAVEMENTS 

Cement-bound macadam pavements wen^ at one time covered by 
patents and were known as “Hassam” j)avements. The first pave¬ 
ment of this type in the United States was built in Massachusetts in 
1905. Development of this type of pavement was slow in the United 
States, but it was used quite extensively in Europe and Australia. It 
was used between 1924 and 1930 in numerous cities for paving street- 
railway track areas, and, about 1930, new interest in it was awakened 
by economic conditions. Cement-bound macadam pavements are 
adaptable to roads and streets which are not subjected to heavy truck 
traffic. A single course of uniform thickness is commonly used, the 
thickness varying from 6 to 8 in. A crown of % to % in. per ft is 
generally used. 

Materials. The materials for a cement-bound macadam pavement 
consist of a coarse aggregate, sand, Portland cement, and water. 

Coarse Aggregate. The coarse aggregate for cement-bound mac¬ 
adam pavements in the United States usually has consisted of broken 
stone. Broken slag or crushed gravel are suitable coarse aggregate 
but have been less common than broken stone. Rolling of the coarse 
aggregate has been considered a desirable feature of the construction 
operation but it cannot be practiced with screened (and uncrushed) 
gravel coarse aggregate. Screened gravel has been used, however, 
without rolling, and it appears to give satisfactory results. 

The maximum size of the coarse aggregate generally ranges from 
1% to 2% in., and a reasonably uniform size is desirable so that the 
void spaces will be open and permit the cement grout to penetrate 
and completely fdl tlie layer of coarse aggregate. The two sizes of 
aggregate (1 to 2 in. and 2 to 3Jn.) used for bituminous macadam 
pavements are satisfactory for cement-bound macadam. The coarse 
aggregate must be reasonably free from dust and other particles below 
the minimum size so that, alter ])lacing, the grout will not be pre¬ 
vented from penetrating and filling the entire layer. 

Sand for Grout. The sound for the cement grout should be clean 
and uniformly graded from a No. 8 to a No. 100 sieve in size with not 
over 15 per cent passing a No. 50 sieve. 

Cement. Standard Portland cement is used for cement-bound 
macadam pavements. 

Grout Mixture. The grouting mixture consists of 1 part of cement, 
1% to 2 parts of sand, and 6% to 7% gal of water per sack of cement 
The quantity of water should be sufficient for the grout to flow readily 
into the coarse aggregate but not great enough to cause tjie^and to 



194 BBOKEN-STONE SURFACES AND FOUNDATIONS 

separate from the cement and water. The measurement of the sand 
by weighing is desirable, but volume measurement, if carefully done, 
may be satisfactory. 

Construction. The subgrade should be carefully prepared as for 
any type of pavement. Wooden or steel side forms should be used. 

The coarse aggregate is spread most satisfactorily by means of 
spreader boxes. Crushed coarse aggregate is rolled before grouting. 
Complete compaction is not desired, and the rolling is intended merely 
to reduce the voids and thereby avoid excess grout. A 3- to 6-ton 
tandem roller is generally used for rolling. If gravel is uncrushed, 
heavy straightedges, operated transversely by hand, are used for 
compaction. 

Joints. Longitudinal joints are desirable to eliminate cracking. 
They may consist of ^^dummy” joints made by setting a l-by-2%-in. 
wooden strip on edge on the subgrade. Transverse joints are not al¬ 
ways used but can be constructed in the same manner as the longi¬ 
tudinal joints. Construction joints are made at the end of a day^s 
run by Msing a bulkhead, the adjacent broken stone being reshaped 
when work is resumed. 

Grouting. The grout may be prepared in truck mixers or in small 
mixers on the job, or in concrete paving mixers. The broken stone 
should be lightly sprinkled before the grout is applied. A distributor 
which will not feed the material too rapidly is used to apply the grout 
to the broken-stone surface After application of the grout, the sur¬ 
face is rolled out again, preferably with tandem rollers, until a uni¬ 
form and smooth surface is obtained Additional grout must ordi¬ 
narily be used, and uneven spots may be trued up with small-size 
to ^ 2 -in.) broken stone. 

Finishing and Curing. The cement-bound macadam is finished 
by floating with long-handled, longitudinal floats similar to those used 
on concrete pavements Excess grout is then swept from the surface 
by means of brooms or by working wet burlap belts over the surface. 
After hardening, the pavement should be covered with burlap, which 
should be kept wet un+il the pavement is opened to traffic, which, 
generally, is at the end of seven days after placing. 

Maintenance. The maintenance of cement-bound macadam pave¬ 
ments is not essentially different from that of concrete pavements. 
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CHAPTER X 


BITUMINOUS SURFACE TREATMENTS AND LOW-COST 
BITUMINOUS SURFACES 

Gravel and waterbound macadam road surfacos were ideal for 
horse-drawn vehicles as the fine dust worn off by the abrasive action 
of steel tires and by the pounding of horses' hoofs tended to replace 
the clay or stone dust which formed the binder or cementing mate¬ 
rial and which was worn off by traffic, blown off by wind, or washed 
away by rain. The advent of the motor vehicle and the gradual 
eliminatirm of horse-drawn vehicles created a serious maintenance 
problem on surfaces of these types. The abrasive action and suction 
of rapidly moving rubb^T tires caused great wear and produced large 
quantities of dust which were a serious inconvenience to traffic and 
to adjacent property. The condition was most serious, at first, on 
waterbound macadam roads. Gravel surfaces, composed of round 
particles of stone mixed with sand and clay, could be reshaped quite 
conveniently witli graders, drags, and scrapers, and the dust nuisance 
could be grcHtly lessened by means of surface applications of calcium 
chloride. Waterbound macadam surfaces, being composed of angular 
particles of stone, could not be inaintain(‘d by blading the surface, 
and bituminous surface treatments were (hvc'lojx'd, very largely, to 
prev('nt wear on surfaces of these typ('s. Tlu‘se treatments consisted 
of applications of bituminous material which usually were covered 
with a layer of mineral aggregate. As the speed of motor vehicles 
increased, the necessity of surface treatment extended to gravel, sand- 
clay, and traffic-bound macadam surfaces. Early treatments of these 
surfaces were not alw’ays successful because it was difficult to secure 
consolidation of the upper portions of the surfacing layer and adhe¬ 
sion of the bituminous material to round particles of gravel and fine 
particles of sand, clay, and crushed stone. The development of bitu¬ 
minous materials for “prime coats” on these surfaces made the use of 
bituminous surface treatments practicable and effective. 

The term bituminous surface treatment generally refers to thin 
surface coverings of bituminous material and mineral aggregate, 
which are usually less than 1 in. or % in. in thickness. The term 
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also is sometimes used to describe relatively thin carpet coats which 
consist of an application of bituminous material over which is spread 
a cover of minenil af!;M:»’ej 2 ,ate; this definition distinguishes carpet coats 
from road-mix surface.^ which cou'^ist of bituminous material and 
mineral aggregate mixed together on the road surface. Carpet coats 
are constructed, in some areas, to thicknesses greater than 1 in., and, 
therefore, the terms carpet coat and road-inix surface somewhat more 
accurately describe tlie process of construction. The term seal coat 
sometimes is used to describe the carpet coat type of surface treat¬ 
ment; generally, however, it is used to describe the covering applied 
to certain specific types of bituminous surface courses, such as bitu¬ 
minous macadam and asphaltic concrete. Seal coats freciucntly arc 
not over % to % in. in thickness. 

Low-cost bituminous surfaces were developed principally for the 
purpose of resurfacing low and intermediate types of surfaces which 
no longer would serve satisfactorily as wearing surfaces but which 
possessed a large amount of salvage value for foundations for new 
wearing courses. They embrace both road-mix and plant-rnix sur¬ 
faces, the former being mixed in place directly on the road surface, 
and the latter being prefiared m various types of mixing plants; they 
should not be confused with high-type bituminous pavements which 
will be described in Chapter XIIl. 

BITUMINOUS SURFACE TREATMENTS 

Initial bituminous surface tr(*aimenis usually involve (1) the 
preparation or conditioning of the surface to be treated, (2) the 
application of a prime coat, and (3) the placing of the covering of 
bituminous material and mineral aggregate. They also may include 
iiie application of a tack coat. 

A prime coat is an aiiplicatioa oi liquid bituminous material to a 
base course or surface course for tlie purposes of binding together any 
loose material which may be pre.sent and of providing adhesion to an 
ovjerlying wearing course or surlace treatment. A tack coat is an 
appliciation of bituminous material to a previously primed surface, to 
a previously treated surface, to a base course, or to an existing pave¬ 
ment or surface course, to provide adhesion with a new wearing course 
or surface treatment. These two terms are sometimes used inter¬ 
changeably. 
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PREPARATION FOR SURFACE TREATMENT 

The extent of the preparation for surface treatment depends upon 
the kind and condition of the surface to be treated. 

Stabilized soil surfaces of the bituminous type are surface-treated 
as the final step in their construction, and preparation for their treat¬ 
ment usually involves only sweeping immediately before the applica¬ 
tion of the bituminous material. 

Firm gravel surfaces are reshaped by means of blade graders while 
in a moist condition. Deep depressions and defective areas are 
corrected by the addition of new material which must be thoroughly 
compacted and smoothed to the proper grade and cross-section. The 
surface is swept with a power-operated broom just before the appli¬ 
cation of a prime coat. 

Waterbound macadam surfaces are swept clean of all loose dust 
and dirt before a prime coat is applied. Occasional patching of 
raveled areas may be necessary if traffic has been permitted upon the 
surface; it should be performed with the same materials as were used 
in the construction of the surface 

Loosely bound surfaces, such as gravel and traffic-bound macadam, 
which have been maintained with a floating cover, should be bladed 
until smooth and until the floating cover is distributed as uniformly 
as possible. The surface is lightly swept so as not to disturb the 
firm material below the surface cover, and a prime coat is then 
applied. 

PRIME COATS AND TACK COATS 

The bituminous material used for a prime coat must be capable 
of being absorbed by the surface on which it is placed so that the 
heavier portion of the material will penetrate well into the surface 
and not be filtered out and remain merely as a mat on top. Grade 
MC-1^ and Grade MC-2 liquid asphalts and Grade KT-2 tars are 
used as priming materials for loosely bound surfaces; Grade MC-0 
liquid asphalt and Grade RT-1 tar are generally used for priming 
firm surfaces. 

The prime coats on firm surfaces, such as gravel and waterbound 
macadam, usually vary from 0.25 to 0.35 gal per sq yd Prime coats 
should be completely absorbed, and half of a road or street surface is 
primed and treated at a time when closing to traffic would be a serious 
inconvenience. Absorption often takes place in 3 to 6 hours in warm 

^ The grade designations of bituminous materials used in this chapter refer to 
the products described in Chapter VI. 
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weather, and the surface treatment frequently can be applied on the 
same day on which the prime coat is applied, although it usually is 
desirable to allow the prime coat to absorb over night. 

The priming of loosely bound gravel and traffic-bound macadam 
requires about 0.5 gal of bituminous material per sq yd. The bitu¬ 
minous material should be allowed to absorb completely before traffic 
is allowed upon the primed surface. If traffic must be allowed to use 
the primed surface, a cover, which may consist of the fine material 
swept to the side, should be applied, and dragged with a broom drag 
(see Fig. 75) until uniformly distributed. Traffic should be permitted 
to use the primed surface for a period of several days in order to 
develop any weak places which may exist. These weak areas should 
be repaired at once by applying additional primer and covering ma¬ 
terial. When a uniformly firm and even surface is obtained, the 
surface treatment may be applied. Prime coats are applied with 
pressure distributors of the types described in Chapter IX. 

Tack coats are often put on before the application of bituminous 
material on surfaces which have been previously treated. Cut-back 
asphalt of Grades RC-2 and RC-3, emulsified asphalt of the quick¬ 
breaking type used for bituminous surface treatment, and tars of 
Grades RT-3 and RT-4 are satisfactory for tack coats. The quantity 
of material necessary for a tack coat is very small, usually varying 
from 0.10 to 0.15 gal per sq yd. Tack coats should be allowed to 
dry for a few hours before apj)lying the bituminous material for the 
surface treatment proper; otherwise, the soft bituminous material 
may be picked up by truck tires. 


CARPET COATS 

The principal functions of carpet coats are the sealing or water¬ 
proofing of the surface on which they arc applied and the provision 
of a wear-resistant surface. They do not aid, greatly, in the removal 
of surface irregularities and therefore should preferably be used only 
after the surface on which they are to be applied has been carefully 
trued up and smoothed by blading or by means of patching or level¬ 
ing courses. 

Bituminous Materials. The essential characteristics of a bitumi¬ 
nous material for a carpet coat are: (1) good adhesion to the under¬ 
lying surface, otherwise the treatment will peel off under the action 
of traffic and weather; (2) rapid setting or hardening; and (3) stabil¬ 
ity under traffic. Adhesion to the underlying surface may necessitate 
a prime coat or tack coat, or both. Rapid setting of the bituminous 
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material is obtained by using a heavy residual asphalt or heavy tar 
which is heated for application and sets up by chilling to air tempera¬ 
ture, by the use of a rapid-curing liquid asphalt or tar which sets up 
as the result of the evaporation of light ingredients, or by using a 
quick-breaking emulsified asphalt which sets up as the result of the 
separation of the asphalt and water and the evaporation of the water. 
Slow- and medium-curing liquid asphalts were formerly used quite 
successfully when traffic was slow’, but they are entirely unsatisfac¬ 
tory now because they do not hold the mineral aggregate cover in 
place. Traffic “whips” off the aggregate, and the oils spatter over 
vehicles; even w’hen sf't up, the treatf^rl surfaces tend to bleed and 
shove in warm weather. 

The liquid materials have been ])o]nilar for carpet coats because 
they may be applied cold or wdth moderate heating. Grade RC-1 
liquid asphalt may be aj)plied cold in warm weather and is suitable 
for thin treatments but sets up too slowly for heavy treatments. 
Grade RC-2 and heaviei’ grades of liquid as])halt are suited to heavier 
treatments and must be heated for application, ("old surface treat¬ 
ments w’ith tar are made with material of Grades RT-5 and RT-6. 
Tars of Grades RT-7, RT-8, and RT-9 are generally used for hot 
surface treatments. The soft asphalt cements (that is, residual 
asphalt having a normal penetration of more than 100) are, perhaps, 
not as widely used as at one time but are very satisfactory materials. 
Various grades of soft asphalt c(*ments are used (see Tables 7 and 8, 
C/hapter VI), the softer grades for light traffic and the heavier grades 
for heavy traffic. Asplialt of 85 to 100 pemedration occasionally is 
used for heavy-traffic roads and streets. 

Mineral Aggregates. Mineral aggregates for surface treatment 
include crushed stone, crushed slag, crushed gravel, and uncrushed 
(but screened) gravel, ("rushed aggregates are generally more suit¬ 
able than rounded aggregate's because they resist displacement more 
effectively. On tlie other hand, uncrushed gravel is somewhat more 
suitable than crushed aggregate's fe)r thin seal coats which are in- 
tendeei i)rimarily for filling the voids in open-textured surfaces ce^rn- 
posed of crushed aggregates. The quality of crushed stone aggregates 
is usually controlled by means of the Deval abrasion test, limiting 
IH'rcentages of w’ear being wieU'ly taken as (i to 7. Crushed slag 
should weigh not less than 75 lb j)er cu ft. The {piality of gravel is 
more difficult to specify but usually may be satisfactorily controlled 
by restricting the amount of soft particles, clay, lumi)s, shah', and coal 
to 5 per cent, or less, by weight. 
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The sizes of mineral aggregate vary widely, includifig % to % in., 
% to % in., ^ to % in., % to 1 in., and % to in. A smaller size 
of % to % in. is occasionally used for very thin treatments. Un¬ 
crushed gravel particles over % in. in size lack stability and should 
be avoided. The size of the aggregate selected will depend upon the 
consistency or viscosity of the bituminous material; the larger sizes 
of aggregates go with the heavier and more viscous bituminous mate¬ 
rials. Most surface treatments are made with aggregates having a 
maximum size of not more than % in. If sizes are larger, it is desir¬ 
able to use two sizes (such as ^ to % in., and % to 1% in.) and place 
them in two applications, the larger first and the smaller last, part 
of the bituminous material being applied between the two applica¬ 
tions of aggregate; a more uniform distribution of sizes is obtained 
and better adhesion is secured. 

The rate of application of the mineral aggregate cover usually is 
described in terms of the number of pounds of material per square 
yard of surface. A rather definite relationship exists between the 
quantity and the maximum size of the aggregate. For example, if a 
cover 1 in. thick is desired, the maximum size of aggregate should 
not greatly exceed 1 in. Conversely, if aggregate having a maximum 
size of 1 in. is to be used, and a rather dense surface is desired, the 
quantity of aggregate should be such that the thickness of the layer 
will be approximately 1 in. In other words, the maximum size of the 
aggregate should coincide approximately with the thickness of the 
cover. If this relationship between the maximum size and the quan¬ 
tity of aggregate is obseryed, the quantities of aggregate for various 
sizes of aggregates will be approximately as shown in Table 13. A 
variation fi’om this practice occurs when a non-skid surface is desired 
on a dense, slipjiery road or street surface. A light application of 
bituminous material, usually not more than 0.25 gal per sq yd, is 
applied and % in. crushed aggregate added at the rate of approxi¬ 
mately 25 to 35 lb per sq yd. 

Construction of the Carpet Coat. The amount of bituminous ma¬ 
terial required for a ])lain carpet coat or seal coat depends upon the 
quantity of mineral aggregate to be used, upon the condition of the 
surface being treated, and, to some extent, upon the kind of bitumi¬ 
nous material. As a general rule, 0.10 gal of bituminous material is 
re(|uir(‘(l for (*ach 10 lb of aggregate. Sliglitly greater quantities of 
the lighter licpiid materials may be desirable, especially when the 
surfac(‘ being treated is open in texture. Larger proportions of emul¬ 
sified asphalt generally are retpiired and should be based on the 
asphalt content of the emulsion. 
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The bitximinoue material is applied by means of pressure dis¬ 
tributors of the types described m Chapter IX. 

TABLE 13 


AppboximATE Quantity of Minebal Agoreoatb for Bituminous Carpet Coat 


Types of Aggregates 

Crushed 

Limestone 

Round 

Gravel 

Crushed 

Slag 

Weight per cubic yard, pounds 

2500 

3000 

2100 

Max Size, 
inches 

Thickness of 
Cover, inches 

Quantity per Square Yard, 
pounds 

IH 

1 

70 

83 

58 

1 

H 

61 

73 

51 

H 

H 

44 

52 

32 

Vs 

h 

35 

41 

29 

14 

^8 

26 

31 

22 


The bituminous material 'hould be covered with the mineral ag¬ 
gregate immediately after application to secure good adhesion The 



( ourtcfty of Onneraal tranc (o 

Fig 74 Placing mineral co\er on surface treatment by means of a mechanical 

spreader. 
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mineral aggregate may be spread directly from trucks, and good re¬ 
sults may be obtained by well-trained truck drivers when truck 
bodies of uniform width are available. Narrow strips can be spread 
directly from dump bodies by inserting boards of suitable len^ in 
front of the tail gates. There are several types of mechanical spread¬ 
ers. One consists of a vane or roller over which the aggregate flows 
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Fia. 75. Broom-drag. 


in a thin sheet of the desired thickness; another is equipped with a 
hopper which feeds the aggregate onto a whirling steel plate which 
throws the material over the road or street surface. Trucks should 
be moved backwards when applying the mineral aggregate in order 
to prevent the rubber tires from picking up the freshly applied bitu¬ 
minous material. 

Rolling of the aggregate cover is desirable, although it sometimes 
is omitted. A light roller weighing from 4 to 6 tons is satisfactory 
as the only purpose of rolling is to embed the aggregate in the bitu¬ 
minous material so that it will not whip off imder traffic. To dis- 
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tribute the mineral aggregate uniformly over the surface a broom- 
drag (see Fig 75) is frequently used after the first rolling. The 
broom-drag may be hauled by a truck or rubber-tired tractor. A 
second rolling should follow the dragging. 

Time is a very important factor in the construction of surface 
treatments. Applications of bituminous materials should follow 
sweeping operations promptly so as to avoid the necessity of addi¬ 
tional sweeping. The mineral aggregate should be spread very soon 
after the application of the bituminous material for the carpet coat. 
Asphalt cements, heavy tars, and heavy cut-back asphalts congeal 
rapidly, and better adhesion of the mineral aggregate will be secured 
if it is spread immediately after the bituminous application. If any 
traffic is allowed on the road or street, it should be kept off the freshly 
applied bituminous material, as the vehicle wheels will pick up the 
bituminous material and prevent the mineral aggregate from adhering 
to the road or street surface. Some highway departments apply only 
enough bituminous material to be covered by the aggregate trucks on 
hand. This practice delays the aggregate trucks if only one dis¬ 
tributor is available. Two distributors, or one distributor and one 
or two separate supply tanks (mounted on trucks), are desirable 
when the bituminous material must be hauled over distances in ex¬ 
cess of a mile. 

Cotton Fabric Reinforcement. Cotton fabrics, sometimes used to 
reinforce bituminous carpet coats, have proved beneficial. The fabrics 
are loosely woven and vary in width and weight, an 82-in. width being 
common. The fabric is applied to the road surface after sweeping 
and, sometimes, after priming. It may be spread longitudinally by 
hand or from spools mounted on trucks. Each strip overlaps the 
previously applied strips at the end and side. The carpet coat is then 
constructed. 


BITUMINOUS ROAD-MIX SURFACES 

Bituminous road-mix surfaces consist of mixtures of mineral ag¬ 
gregate and bituminous material which are prepared by mixing the 
materials directly on the road or street by means of blade graders or 
multiple-blade drags. They differ from carpet coats in that the min¬ 
eral aggregate is mixed with the bituminous material rather than 
applied as a cover. Bituminous road-mix surfaces axe of two types— 
the macadam, or open-graded, aggregate type, and the dense-graded 
aggregate type. 
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OPEN-GRADED AGGREGATE ROAD-MIX 

The open-graded aggregate type of road-mix surface is said to 
have originated in Pennsylvania and has been frequently described 
as “retread’^ because it has been so widely employed for resurfacing 
old roads. A thin road-mix surface may replace a carpet coat on 
light- to moderate-traffic roads and is useful for decreasing minor sur¬ 
face irregularities on roads which require retreatment. 

The separate steps in the construction of an open-graded aggre¬ 
gate road-mix surface are: 

1. Preparation of the road or street surface or base. 

2. Application of a prime coat or tack coat to the surface on 
which the road-mix is to be placed. 

3. Spreading tlie mineral aggregate. 

4. Application of the bituminous material for the mixtures. 

5. Mixing and spreading. 

6. Consolidation. 

7. Application of a seal coat. 

Foundations. Bituminous road-mix surfaces are widely used to 
resurface old gravel, traffic-bound macadam, waterbound* macadam, 
and bituminous macadam roads and streets. They also are con¬ 
structed on new foundations of these types and on stabilized soil 
foundations. 

Foundations should have a minimum thickness of 6 in. and greater 
thicknesses u}) to a maximum of 9 or 10 in. where traffic and subgrade 
conditions indicate their necessity. 

Gravel, stabilized soil, and traffic-bound macadam foundations 
should preferably be surface-treated and placed under traffic for a 
period of four to twelve months before the construction of road-mix 
surfaces of this tyjie in order to correct weaknesses which may de¬ 
velop in these types of foundations. 

Thickness. Road-mix surfaces of the macadam aggregate type are 
constructed in thicknesses varying usually from 1 to 3 in., but may be 
made as little as % in. thick. With thicknesses of more than 2 in., 
it generally is desirable to place them in two courses in order 
to assure complete mixing and to obtain a true, even surface. 

Surfaces less than 1% in. in thickness are generally described as 
bituminous road-mix surface treatments or sometimes as drag or 
planed surface treatments. Surfaces 1in. or more in thickness are 
generally described as bituminous road-mix surfaces. 

Mineral Aggregates. The mineral aggregates for a road-mix 
wearing surface of this type consist of crushed stone, crushed gravel, 
or crushed slag. Crushed particles are essential, because much of the 



206 L0WO08T BlTVMlNdtJS SURFACES 

stability of the wearing course depends upon the interlocking or fric¬ 
tional resistance of angular particles. Crushed gravel containing not 
more than 30 per cent of uncrushed particles has proved satisfactory 
in areas in which crushed aggregates are difficult to obtain. 

The maximum size of the mineral aggregate depends upon the 
thickness of the layer to be constructed; to 1%-in. material is 
used for thicknesses of 2 in. or more, to 1-in. material for a thick¬ 
ness of 1^/^-in., to %-in. material for a thickness of 1 in., and 

to %-in. material for a thickness of % in. 

The mineral aggregate for the seal coat should vary in size accord¬ 
ing to the size of the aggregate used in the mixing course. Material 
varying from % to % in. is suitable with to 1-in. maximum size 
coarse aggregate. When thin surfaces are constructed with %- or 
%-in. aggregate, the aggregate for the seal coat should vary from 
%o f'O % size. 

Bituminous Material. Cut-back asphalts, asphalt emulsions, and 
tars constitute the bituminous material for the mixing application. 
Grade RC-3 liquid asphalt is, perhaps, most widely used when cut¬ 
back asphalt is employed, but Grade RC-2 liquid asphalt also is used, 
particularly when the work is done in cool weather. An asphalt emul¬ 
sion of the slow-breaking type is required on account of the mixing 
operation (see Table 6, Chapter VI). Tars of Grades RT-6 and 
RT-7 generally are used, but tar of Grade RT-5 may be necessary 
in cool weather construction. 

The mixing course is generally of the same material as the tack 
coat and the seal coat, although sometimes a slightly heavier material 
(usually the next heaviest grade) is employed for the seal coat. 

Preparation of Foundation. Road-mix surfaces are most effec¬ 
tively constructed on wearing courses or foundation courses which 
have received a surface treatment sometime before the construction 
of the road-mix surface. When a new waterbound macadam base is 
to be surfaced with a bituminous road-mix, the carpet coat sometimes 
is omitted or a very thin carpet coat used; if the road-mix is to be 
placed on the prime coat, a somewhat longer period should elapse 
between the application of the prime coat and the road-mix than for 
a carpet coat, in order to prevent cutting of the base by the mixing 
operation. 

Old road and street surfaces may require extensive preparation 
before resurfacing with bituminous road-mixes. The foundation for 
a road-mix surface should be 1 to 2 ft wider than the surface in order 
to obtain adequate edge support, and old wearing courses, therefore, 
frequently must be widened. Additional thickness also is a frequent 



OPBN-GRADED AGGREGATE ROAD-MIX 207 

necessity, particularly when old gravel wearing courses are to be re- 
sm’faced. New material should be tlioroughly consolidated before 
the road-mix is applied. Old macadam and other surface-treated 
wearing courses often have an irregular surface contour and must be 
reconstructed to a smooth grade and crown in order to obtain the best 
results from a road-mix surface. Minor irregularities can be removed 
by means of thin surface patches of heavy asphalt covered with min¬ 
eral aggregate of the proper size. Depressions having a depth of 
more than 1 in. can be satisfactorily eliminated by placing a bitu¬ 
minous macadam layer of the required thickness. The size of stone 
must be regulated according to the depth of the layer; generally, a 
maximum size of 1% to 2 in. is desirable, and the leveling material 
may be placed in two or more courses in deep depressions. Emulsified 
asphalt is very satisfactory for this purpose but requires the use of 
a graded stone to jirevent the liquid material from running away at 
the sides; a hand spray is best adapted to the application of the bitu¬ 
minous material (see Fig. 81). 

Prime Coats and Tack Coats. Prime coats are essential on new 
foundations, and a complete surface treatment is desirable before 
placing of the road-mix, as already stated. 

The application of a tack coat to previously treated surfaces, im¬ 
mediately before placing the road-inix surface, is usually desirable, 
although it sometimes is omitted, particularly if the surface to be 
covered has not dried out and cracked. A tack coat aids materially 
in waterproofing the base and in providing adhesion of the road-mix 
surface to the base. The tack coat is of the same bituminous material 
as is to be used in the mixing course, and aboiit 0.10 to 0.15 gal per 
sq yd is generally required. 

Placing the Mineral Aggregate. The mineral aggregate may be 
spread immediately after the application of the tack coat, or, if it is 
to be applied to a primed surface, it should be spread after the prim¬ 
ing coat has been absorbed by the base. Spreading may best be 
accomplished by means of mechanical spreaders but may be done 
directly from trucks. When thicknesses are to be greater than 1% 
in., the loose aggregate should be harrowed with a disc harrow to 
distribute the various sizes of particles uniformly and to facilitate 
drying of the aggregate if it is moist when placed. A blade grader 
or drag sometimes supplements the discing. 

Application of the Bituminous Material. The bituminous material 
is applied by means of a pressure distributor, and two applications 
are desirable on thicknesses greater than 1 in. in order to obtain a 
uniform coating on the aggregate particles and prevent the material 
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2^8 

from running away at the edges. Mixing is necessary between the 
two applications. Tlie quantity of bituminous material required for 
the mixture will vary according to the (juantity of aggregate^ physical 
characteristics of the aggregate, and the ciuantity of volatile material 
in the bituminous material. A 2-in. compacted layer of broken stone 
will require about 0.85 to 0.95 gal of bituminous material per sq yd, 
and, as already stated, the latter material should be put on in two 
applications, both approximately equal. A thin layer of stone gener- 



Fio. 76. Applying bituminous material for a thin bituminous treatment. 


ally will require more bituminous material, in proportion to the 
quantity of aggregate, than a thick layer. A %-in. layer, for exam¬ 
ple, will require about 0.35 to 0.40 gal per sq yd if a tack coat of 0.10 
to 0.15 gal per sq yd has been applied. No exact rule can be laid 
down for determining the proportion of bitumihous material; the ag¬ 
gregate should be thoi oughly coated so that it will stick together, and 
the appearance of the mixture during mixing will indicate changes 
to be made in the rate of application. The mineral aggregate should 
not show free surface moisture when the bituminous material is 
applied. 

Mixing. Mixing of the mineral aggregate and bituminous material 
is begun immediately after the latter is first applied and is accom¬ 
plished by means of blade graders or multiple-blade drags. When 
the bituminous material is put on in two applications, the mixing 
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after the first one should be continued until the bituminous material 
is well distributed but not too “tacky”; the second application of 
bituminous material is tlieii made and the mixing continued until a 
thorough mixture is obtained. Tlie liglit constituents of the bitumi¬ 
nous materials used for road-mix evaporate rather rapidly, and mix¬ 
ing should be completed before the mixture becomes too “tacky.” 

Blade graders are slow in comparison with multiple-blade drags, 
which therefore arc more desirable for performing the mixing. The 
ordinary four-wheel, multiple-blade drag, equipped with blades 10 in. 
in height (see Fig. 77), can be used on thicknesses up to about 1% 
in. but is too light for greater thicknesses. A heavier drag, sometimes 
called a retread machine (see Fig. 78), is most effective for the 
thicker layers; it usually requires two men for its operation, one to 
operate the mixing bhifles and one to operate the leveling blade at 
the rear of the drag. These drags may be obtained for mixing widths 
up to 9 and 10 ft, and two or three trips therefore are necessary to 
mix the material for a two-lane width. The final trip of the drag 
should leave the surface planed to a uniform cross-section and to a 
smooth longitudinal profile; this is accomplished hy means of the 
leveling blade at the rear of the drag. 

Boads and streets preferably should be closed to traffic during the 
construction of road-mix surfaces of the open-graded aggregate type. 
Not only does traffic displace the mixtures, but also the bituminous 
material sticks to vehicles and is difficult to remove. Half-width con¬ 
struction should be avoided because of the difficulty of obtaining a 
smooth joint in the center of the wearing surface and should not be 
attempted unless the shoulders are unusually wide and firm. 

Unless proper precautions are taken, the construction of road-mix 
surfaces of this type may result in the “tracking” of bituminous ma¬ 
terial on pavements on intersecting roads. This condition, which is 
most objectionable on concrete and brick pavements, can be avoided 
by dispensing with the drag operation for a distance of about 40 to 
50 ft from intersecting pavements. An additional quantity of ma¬ 
terial may be mixed with the drag about 40 to 100 ft on each side of 
the intersection and spread into place adjacent to the intersection 
with a blade grader or by hand shoveling and raking. 

Compaction of the Surface. After the mixture has become quite 
“tacky,” which will occur usually in 2 to 5 hours, depending upon the 
characteristics of the bituminous material and upon the air tempera¬ 
ture, it is compacted by rolling. The tandem-type roller is best suited 
for this work, but three-wheel rollers also are used. A 6-ton roller 
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Fig. 77. Mixing a thin lavci of Intiiminoii*^ loid-mix \\ith a multiple-blade drag 



Fig. 78. “Retread” machine mixing macadam aggregate road-raix. Rear blade 
lb h \ ehng the surface 
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is satisfactory for thicknesses of less than in., but 8- to lO-ton 
rollers are desirable for greater thicknesses. 

The edges of thick road-mix courses (154 and more) are likely 
to be ragged and uneven; this condition may be avoided by having 
a small gang of men draw in or build up the edges with shovels and 
tamps immediately ahead of rolling. 

Seal Coat. The surface of an open-graded road-mix surface, after 
rolling, will be quite open and porous, and the placing of a seal coat 
is necessary in order to prevent raveling under traffic. Complete fijl- 
ing of the surface voids is not practiced, inasmuch as a somewhat 
non-skid surface is desirable. The quantity of bituminous material 
and mineral aggregate will vary according to the size of aggregate in 
the road-mix course. Tlic seal coat for a tliin surface course of %- 
to 1-in. thickness generally will consist of 0.15 to 0.20 gal of bitumi¬ 
nous material and about 7 to 12 lb of small mineral aggregate per 
sq yd. The seal coat for 154- and 2-m. thickness, in which the coarse 
aggregate is larger, usually will require about 0.25 to 0.35 ga) of bitu¬ 
minous material and about 20 to 30 lb of mineral aggregate per sq yd. 
The seal coat may be constructed in the manner outlined for carpet 
coats, the mineral aggregate cover being dragged v ith a‘broom-drag 
before rolling. The seal coat also may be road-mixed by means of a 
blade grader, multiple-blade drag, or truck scraper; a somewhat 
smoother surface is obtained by this method 

The construction of the seal coat usually is deferred from two 
weeks to several months after the compaction of the road-mix course 
in order to permit the volatile constituents of the bituminous ma¬ 
terial to evai)orate and leave the surface course fully hardened. 

DENSE-GRADED AGGREGATE ROAD-MIX 

The dense-graded aggregate type of road-mix was developed in 
the western part’ of the United -States; it consists of a mixture of 
bituminous material and an aggregate graded from coarse to very 
fine particles. Road gravel is the most usual tyi)e of aggregate, and 
mixtures of this kind often have been designated as ^^oil-gravel road- 
mix.” The gravel in a gravel road surface may be scarified and used 
for the aggregate or entirely new material may be used. 

Foundation and Cross-Sections. Dense-graded aggregate road- 
mix surfaces are most frequently constructed on old gravel roads 
or on new gravel foundations. The foundation should generally have 
a minimum thickness of 6 in., although tliicknesses may be and are 
less on highly stable subgrades. The foundation should be 1 to 2 ft 
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wider than the road-mix surface, which is constructed to uniform 
depths varying from 2% to 3^ in. A crown of ^ to P^r ft 

is common. 

Mineral Aggregate. The gravel must consist of -a mixture of 
coarse and fine material. Maximum sizes of 1 in. to % in. are de¬ 
sirable, and narrow limitations on grading are not essential as the 
purpose of this type of construction is to employ materials which are 
available at low cost. The following limitations on size and grading 
are representative: 



Pp:r Cent 

Passing 1-in. screen 



100 

Passing screen 

50 

to 

85 

Passing No. 10 sieve 

35 

to 

60 

Passing No. 40 sieve 

20 

to 

40 

Passing No. 200 sieve 

5 

to 

10 


Deficiencies in coarse material may be corrected by adding screened 
gravel or crushed stone. Lack of fine material is corrected by the 
addition of very fine sand or limestone dust. Some aggregates which 
have a stronger affinity, for water than for bituminous material may 
be detected by means of the preferential test described in Chapter II. 

Bituminous Materials. The slow-curing liquid asi)halts, Grades 
SC-2 and SC-3, have been used most extensively for this tyi)e of 
road-mix surface, the former in cool weather and tlie latter in hot 
weather. Grades MC-2 and MC-3 liquid asi)halt are preferable to 
the SC products for severe climatic conditions. Grades KT-5 and 
RT-6 tars are also used. Emulsified asphalt also is widely emjdoyed 
in many ])arts of the country; a mixing grade, which is slow-breaking, 
is required. 

Preparation of Foundation. The work of preparing the founda¬ 
tion for a dense-graded aggregate road-mix surface may involve 
widening or increasing the thickness of an existing gravel road, or 
the construction of an entirely new foundation. When an existing 
road contains more than sufficient gravel for the foundation, it may 
be scarified to the desired depth to obtain the quantity of material 
available from the road itself. 

The foundation should be trued up by means of blade graders 
before the construction of the road-mix course, all scarified or loose 
material being moved to the sides of the road. 

Prime coats sometimes are used with this type of construction and 
are applied in the manner described for unbonded surfaces earlier in 
this chapter, unless, of course, the foundation is very firmly bonded, 
in which case the procedure is as described for bonded surfaces. 
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Construction of the Road-Mix Surface. After the foundation has 
been Miioothed and trued up by means of blade graders, the loose 
material is brought in from the sides of the road to form a windrow 
in the center, and the additional material is then deposited in the 
center of the road. The correct amount of additional aggregate may 
be dumped from trucks into spreader boxes which are open in front 
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FiCi 79 Proportioning box for placing gravel aggregate on the subgrade for a 
dense-graded bituminous roa(l-mi\, the box is pulled forward by each truck as it 

deposits its load 

and have an opening in the rear just sufficient m area to spread the 
loose material in the proper quantity The windrow of aggregate 
thus spread is then bladed to a greater width with a grader. 

It generally is necessary to harrow the gravel with a disc harrow 
in order to dry it and obtain a uniform mixture When two sizes of 
aggregate are used, or when a large proportion of the aggregate is 
obtained from the existing surface, the entire aggregate is mixed with 
graders and disc harrows until a uniform mixture is obtained. The 
aggregate should be reasonably dry before the bituminous material 
is applied; thorough drying is unnecessary when emulsified asphalt 
is used. 

The bituminous material is put on in several applications; two to 
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five are usually necessary, and eight or ten are sometimes made. The 
use of a number of applications gives an opportunity to adjust the 
quantity of bituminous material without danger of applying an excess 
amount. The aggregate and bituminous material are mixed together 
after each application of bituminous material by means of blade 
graders and disc harrows, or by means of heavy multiple-blade drags 
or retread mixers The latter are preferable to graders because they 
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Fio 80 Mixing graded aggregate road-mix with a motor gradtr 

mix the matenal much more rapidly Liquid asphalt and tar prod¬ 
ucts are usually heated to 140° to 165° F for application Emulsified 
asphalt is applied without heating 

Road-mix surfaces constructed with slow-curing liquid asphalts 
are sometimes allowed to compact under traffic, the material, after 
mixing, being windrowed to the sides and brought in gradually with 
a grader, as the previously spread material becomes compacted. This 
procedure is an inconvenience to traffic, and compaction by rolling 
is desirable, generally by tandem rollers weighing from 8 to 10 tons. 
Compaction is almost always obtained by rolling when medium-curing 
liquid asphalt, tar, or emulsified asphalt is used. 

The edges of the road-mix surface may be kept straight by having 
a small crew of men draw them in with shovels and rakes and lightly 
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compact them with hand tamps ahead of rolling. The edge is some¬ 
times thickened by making a V-shaped cut in the foundation with a 
blade grader before the mixture is finally spread out to full width. 

Quantity of Bituminous Materials. Several formulas for determin¬ 
ing the proportion of bituminous material in dcnse-graded road-mixes 
have been proposed; the earliest formula was developed in California 
by C. L. McKesson and W. N. Frickstad for slow-curing liquid 
asphalts; it was as follows: 

P = 0.015a + 0.035 + 0.17c (33) 

in which P = the proportion of oil required, expressed as a percentage 
of the weight of the aggregate. 

a = the percentage of the aggregate above the No. 10 sieve, 
by weight. 

b = the percentage of aggregate between the No. 10 and 
No. 200 sieves, by weight. 

c = the percentage of aggregate passing the No. 200 sieve, 
by weight. 

There are several modifications of the McKesson-Frickstad lormula; 
the following modified formula is quite extensively usc'd with slow- 
curing and medium-curing liquid asphalts, and tar: 

P = 0.02a + 0.0456 + 0.18r (34) 

The following modification of th(' formula is appropriate for determin¬ 
ing the quantity of emulsified asphalt for dense-graded mixtures: 

P = 0.05a + 0.16 + 0.50c (35) 

The proportioning of the bituminous material by means of the 
foregoing formulas is affected by natural variaticnis in the mineral 
aggregate, and adjustments of proportions thus obtained are gener¬ 
ally necessary during the progress of mixing. Experience with various 
mineral aggregates and various bituminous materials and the appear¬ 
ance of the road-mix after mixing will indicate changes to be made 
in the proportion of bituminous material. 

Protection of Road-Mix Surface. Dense-graded road-mix sur¬ 
faces, particularly when constructed with slow-curing liquid asphalts, 
are comparatively soft in comparison with other bituminous surfaces, 
and are easily marked by steel tires, horses^ slioes, and any object 
dragged over the surface. These surfaces harden slowly, and the 
critical period occurs during the first six to ten weeks after placing. 
Some highway departments, by a program of education and, some¬ 
times, by legal procedure, have obtained the necessary cooperation 
from road users and adjacent property owners to prevent excessive 
damage to the surfaces. 
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Seal Coats. Many dense-graded road-mix surfaces are constructed 
without seal coats; nevertheless, seal coats are an advantage both 
from the viewpoint of wear and ease of maintenance. Generally they 
are thin; 0.25 gal of bituminous material and approximately 15 lb of 
%o“ to %-in. gravel or stone chips provides a satisfactory seal coat. 
Grades RC-2, RC-3, and RC-4 liquid asphalt, RT-7, RT-8, and 
RT-9 tars, and quick-breaking emulsified asphalt are most frequently 
used. A light application of Grade MC-2 or Grade MC-3 liquid 
asphalt, covered with sand, also is a very satisfactory seal coat. The 
seal coat sometimes is bladed with blade graders, truck scrapers, or 
multiple-blade drags, although it also is applied as a carpet coat. 

Maintenance. The maintenance of a dense-graded aggregate road- 
mix surface involves many of the operations required in the mainte¬ 
nance of most bituminous surfaces, such as replacement of the surface 
and strengthening of the foundation, surface patching, and the peri¬ 
odical retreatment of the surface. These operations will be described 
later. The maintenance of these surfaces, however, usually differs in 
one very important respect from that of other bituminous surfaces. 
These surfaces tend to dry out, crack, and disintegrate after a period 
which may vary from five to ton years. They also may become dis¬ 
torted and scaling may occur. When these conditions develop, the 
most satisfactory procedure appears to consist of completely scarify¬ 
ing the old surface, pulverizing it with disc harrows, adding bitumi¬ 
nous material (having the same characteristics as the material in the 
original construction), mixing, and compacting. This actually is a 
complete reconstruction, but it can be performed, usually, at very low 
cost. One-fourth to one-half gallon of bituminous material per 
square yard will generally be sufficient for the remixing, and the oper¬ 
ations involved in reconstruction can be performed rapidly and at a 
comparatively low cost per mile. The application of seal coats soon 
after the original construction seems to facilitate this method of re¬ 
construction, probably because the road-mix dries out to a lesser 
extent than when the seal coat is omitted. 

MAINTENANCE OF BITUMINOUS SURFACES 

The maintenance of wearing courses having bituminous surface 
treatments involves the r(‘|)lacemen< of fo\inda(ion material, replace¬ 
ment of the wearing surface, surface j)atching. and periodic surface 
treatment. The reconst met ion of dense-graded aggregat(‘ road-mix 
surfaces as a maintenance procedure at comparatively short intervals 
of time is peculiar to such types of construction. 
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The replacement of defective areas of the foundation and of the 
overlying wearing surface should conform as closely as possible to the 
original design and construction. The replacement of dense-graded 
road-mix wearing courses on small areas is facilitated by picking up 
some of the original mixture at the time of construction and storing 
it in pits or piles on the roadside; frequently it is possible to use mix¬ 
tures so stored for periods as long as two to five years. 



Fig. 81 . Applying bituminous matprial for patrhing bv moans of a hand spray. 


Bituminous macadam patches, and the replacement of carpet coats 
and seal coats, may be made with hand sprays attached to kettles or 
supply tanks. Asphalt cements, cut-back asphalt, tars, and emulsified 
asphalt are used for patching. The last is convenient because it does 
not require heating. 

Shallow depressions are patched by sweeping them clean and ap¬ 
plying a thin tack coat of suitable bituminous material followed by 
the bituminous material for the cover coat. This iS covered with 
mineral aggregate which is tamped or rolled. Deep depressions may 
be corrected by means of bituminous macadam patches or by means 
of plant-mixed material. Heating kettles for making hot patches 
may be obtained with hoi^^ts for handling bituminous material in 
barrels or steel drums and with pumps and spray bar for spraying 
the material. Oil or coal serves as fuel, oil being more expensive but 
afibrding better control of temperature. Special tanks for heating 
cut-back asiihalts are obtainable, the material being heated by means 
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of oil. Emulsified asphalt possesses the advantage of not requiring 
heating and is easily applied by power-operated hand sprays. 

Plant-mixed bituminous mixtures may be obtained from many 
commercial plants. A patching mixture, which may be applied cold, 
may also be prepared in a concrete mixer or in a special type of mixer 
known as a cold-patch mixer. Such mixtures usually consist of 
crushed stone and bituminous material; sand is sometimes added but 
rarely in excess of 10 to 15 per cent of the mixture by volume. A 
graded crushed stone, ranging in size from % to % in. or from % to 
1% in., is mixed with 12 to 16 gal of bituminous material per cu yd 
of stone. Grade RC-2 liquid asphalt and Grade RTCB-5 and Grade 
RTCB-6 tars are used, and the mixtures should be stored in piles for 
several days before being applied. They may be kept in storage for 
several months without deterioration.* 

Retreatment of bituminous surf ace-treated surfaces is performed 
by the methods previously described except that prime coats are not 
used. Tack coats may be desirable on old and dry surfaces, particu¬ 
larly when heavy bituminous materials are used for retreatment. 

LOW-COST BITUMINOUS PLANT-MIX SURFACES 

The ()p(m-graded and dense-graded aggregate types of road-mix 
surfaces described in this chajiter were develojied as low-cost surfaces, 
and the methods of preparing the mixtures arc somewhat inaccurate 
and subject to numerous limitations Therefore, preparation of the 
mixtures in mixing plants w^as a natural development in many loca¬ 
tions. Mixing plants for jireparing these mixtures include central 
mixing plants, which are generally installed in stone quarries or 
gravel pits from which most of the aggregate wdll be obtained, and 
traveling mixers, w'hich pick up the aggregate from the roadbed, mix 
it, and deposit the mixture back on the road surface. 

The aggregates in plant-mixed surfaces con‘^ist of the same open- 
graded and dense-graded materials as arc used in the construction of 
road-mix surfaces; crushed oyster shells also have been used to a* 
limited extent. The types of bituminous materials are the same as 
for road-mix surfaces, but somewhat heavier or more viscous grades 
of each type are better adapted to plant-mix surfaces. 

Preparation of the Foundation. The foundation for plant-mixed 
surfaces is prepared in the same wray as for road-mix surfaces except 
that scarifying is rarely performed in order to obtain material for the 
mixture. Prime coats are sometimes used. 



BIBUOGRAPHY 


210 

Miri n g and Placing. The bituminous mixtures are prepared in 
concrete mixers, standard paving plants, and immersion mixers. 
Standard paving plants are economical for producing such mixtures 
because only the bituminous material need be heated, the aggregates 
being subjected to merely enough heat to remove surface moisture. 
The immersion type of mixer coats the aggregate by conveying it 
through a bath of the fluid bituminous material and is used only for 
coating open-graded aggregate. With concrete mixers and standard 
asphalt mixing plants the materials may be proportioned by weighing, 
which results in closer control of the mixtures. 

Mixed materials frequently are stored in piles and hauled to the 
road or street when convenient. Delays due to bad weather often 
are greatly reduced by this procedure. 

Mixtures from central mixing plants are hauled to the road and 
placed in continuous windrows which are spread and compacted by 
the same methods as for road-mix surfaces. 

Traveling mixers are of several types One type picks up the 
material from the road surface by means of a bucket loader which 
discharges it into an overhead bin; a conveyor feeds the material into 
a mixer where it is mixed with the bituminous material. The mix¬ 
ture then is spread on the road behind the machine in a windrow or, 
by means of a spreader, to the required width and depth. In another 
type of machine, the material is picked up by a stationary scoop and 
is fed directly to the mixer by a screw conveyor; a continuous flow 
of bituminous material is fed into the mixer, and the machine is 
equipped with a spreader for leveling the mixture. 

Seal coats are an essential feature of the construction of open- 
graded aggregate, plant-mix surfaces and are preferably used on 
dense-graded aggregate surfaces. 
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CHAPTER XI 


THEORY OF STRUCTURAL DESIGN OF 
CONCRETE PAVEMENTS 

The theory of the structural design of flexible pavements was dis¬ 
cussed in Chapter VII. Rigid pavements of concrete differ from 
flexible pavements in two important respects: they possess consider¬ 
able flexural strength (that is, resistance to bending), and they are 
affected to a greater degree by changes in temperature. 

QUALITY OF CONCRETE FOR PAVEMENTS 

Concrete pavements are subjected to the following stresses: 

1. Abrasive stresses caused by vehicle tires in contact with the 
surface of the iiavernent. 

2. Direct compressive and shearing stresses caused by wheel 
loads. 

3. Compressive and tensile stresses resulting from the deflection 
of the slabs under wheel loads. 

4. Compressive and tensile stresses caused by the expansion 
and cuntraciion of the concrete. 

5. Compressive and tensile stresses resulting from the warping 
of the concreie because of changes in temperature. 

Experience has shown that the important properties of concrete for 
pavements are resistance to wear and flexural strength rather than 
compressive strength or shearing strength. Direct compressive fail¬ 
ures are never found in concrete pavements, and shear failures are 
very rare. 

Resistance to Wear. No reliable method of measuring the resist¬ 
ance of concrete to wear which may be correlated with actual results 
in service has been developed. Experience and numerous investiga¬ 
tions have shown that at least a general relation exists between the 
resistance to wear and the compressive strength of concrete, and the 
compressive strength therefore serves indirectly as a measure of re¬ 
sistance to wear. It has become quite general practice to require 
concrete for pavements to have a water-cement ratio of not more 
than 6 gal of water per sack of cement. Properly proportioned con- 
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Crete having this water content will have a minimum compressive 
strength of 4000 lb per sq in. at 28 days. 

Flexural Strength. The flexural strength of concrete paving mix¬ 
tures generally varies from about 650 to 750 lb per sq in. at 28 days. 

EXPANSION AND CONTRACTION OP CONCRETE PAVEMENTS 

Longitudinal Expansion and Contraction. As a concrete pavement 
dries out or cools it tends to contract or become shorter. It is pot 
free to move, however, because of the frictional resistance offered by 
the subgrade, and tensile stresses therefore arc set up within the slab. 



Fro. 82. Spacing of contraction joints in n coiktcic pavement. 


When the tensile strength of the concrete is exceeded a crack is 
formed. A critical time for crack formation ot‘curs during the period 
after the concrete has l)('<‘n placed and drying of th(* slab has begun, 
because during this pt'riod the tensile strength of tlie concrete is low. 

The formation of contraction cracks may be prevented or reduced 
by constructing contraction joints and by reinforcing the pavement 
with sto(‘l, wliich has a v('ry high tensile strength. I<et Fig. 82 repre¬ 
sent a limgitudinal section of a concrete pavement of length L and 
width B, The slab will tend to crack at the middle of its length if 
the tensile strength of the concrete is uniform throughout its length. 
The force which produces timsile stresses in the slab is equal to the 
weight of half the slab times the coefficient of friction between the 
bottom of the slab and the subgrade. This force must be resisted by 
the strength of the slab. The Goldbeck formula for equating these 
forces is as follows: 

skwB = IWdS + aS (36) 

-6 iLc 

in which L = the k^ngth of the section, in feet. 

B = width of the pavement, in feet. 

W = weight of the concrete slab, in pounds per square foot. 

d = the average thickness of the pavement, in inches. 

S == the allowable tensile stress in the concrete, in pounds per 
square inch. 
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Et modulus of elasticity of the steel 
Ec * modulus of elasticity of the concrete. 
a *= area of steel in the pavement cross-section, in square 
inches. 

/ = coefficient of friction between the subgrade and the slab. 
Since W — -^X 144 (approximately) 


formula 36 may be written 

6/LdB = 12BdS + ^aS 

■t/e 


(36o) 


If our purpose is to ascertain the distance between contraction cracks, 
formula 36a may be written 


L = 


l2BdS + ^aS 

_ Be 

GfdB 


(37) 


If the longitudinal steel is omitted, formula 37 becomes 



(38) 


If we consider that narrow cracks are not seriously detrimental to 
concrete pavements, the spacing of contraction joints will be deter¬ 
mined by the maximum allowable unit stress in the steel. Formula 37 
will then become 


L = 


aS, 


(39) 


in which Sh is the allowable tensile stress in the steel, in pounds per 
square inch. Goldbcck found that the coefficient of friction between 
concrete pavements and subgrades varied apjiroximately from 0.5 to 
2.5 with an average value of about 2.0. The value of S usually as¬ 
sumed is 30 lb per s(i in., which pnnides a factor of safety of 4 or 
more. The ratio Ett/Ec is approximately 6.0. The value of S« should 
be well below the yi(‘ld point and should vary according to the class 
of steel; values of 30,000, 25,000, and 20,000 lb per sq in. may be 
assumed for cold-drawn steel wire, rail steel, and structural steel, 
respectively. The spacing of contraction cracks in a pavement 18 ft 
wide and having an average depth of 7 in. would be as follows: 


No roiaforcomont 30.0 ft 

Reinforced with No. 3 wires, spaced 6 in. apart 30.2 ft 

Reinforced W’lth No 3 wires, spaced 6 m apart, narrow cracks in concrete 
between contraction joints 33.2 ft 

Reinforced with Mi-m. round, rail steel reinforcing bars, spaced 18 in. 
apart, narrow cracks in concrete between contraction joints .... 38.9 ft 
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A rise in temperature will cause a concrete pavement to esEpandi 
and if the expansion is restrained compressive stresses will be created 
If the rise in temperature is 60® F, and the concrete has a modulus 
of elasticity of 5,000,000 lb per sq in and a coefficient of expansion 
of 0 000 005 per degree Fahrenheit, the direct compressive stress cre¬ 
ated, if the expansion occurred in a short period of time, would be 
1650 lb per sq in This unit stress should not seriously affect the 
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Department of Public Works 

Fig 83 Illustration of warping of concrete pavements due to changes m the air 

tempt lature 


concrete Actually, large changes in tempt rature, accompanied by 
great expansi\e sti esses, rarely occur m short periods of time, and 
the expansive stresses may be reduced by the plastic flow of the con¬ 
crete This reduction of stress may be offset to some extent by the 
“growth’^ of the concrete over a long period of time and by the effect 
of moisture absorbed by the slab Highway designers commonly 
provide for expansion joints at spacings which are some multiple of 
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the spacing of contraction joints, 90 to 100 ft is the usual spacing, 
with joint openings of % or 1 in Contraction joints generally are 
spaced at intervals of 30 to 33 ft apart 

Warping of Concrete Pavements. A T Goldbeck of the U S 
Bureau of Public Roads, and Clifford Older, of the Division of 
Highways of the Illinois Department of Public Works, discovered 
independently in 1920 and 1921 the effect of temperature changes in 



A M P M AM 

Time of readings 

Fig 84 The warping of \ inous typts of rigid i)i\cmtntb ciuscd b\ duly tem¬ 
perature vaiiat ions {( lifjoid (Jl<i( t Jian'i Am /Soc C h , 1924, Vol 87, p 1160) 

causing concrete pavements to waip or ‘'curl During the day the 
top surface of a concrete pavement is luaied by the diiect lays of 
the sun, and tiie tcinperatuie in the upper portion of the slab rises 
much higher and much inoie rapidly than the temperature m the 
lower portion of the slab A& a result, the upper portion of the slab 
expands to a greater extent than the lower part of the slab, and the 
slab warjis or (urlb downward Tlie reverse action takes place at 
night when air temperatures decrease rapidly The fact that the 
amourt of euiling is not negligible but may be sufficient to decrease 
largely, if not eliminate (ompletely, the subgrade support at the edges 
of the pavement during the period of contraction is illustrated in Fig 
83, which IS a reproduction of a photograph taken at the edge of an 
18-ft concrete pavement (without longitudinal joints or cracks) at 
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night when contraction had taken place. Two paper*covered boards 
were placed adjoining each other at the edge of the pavement from 
which the earth shoulder had been removed, one of the boards being 
securely fastened to the pavement and the other to the subgrade. 
A continuous line was drawn across each board at the hottest portion 
of the day. The distance between the lines in the figure was the up¬ 
ward deflection or curling of the edges of the pavement. Heavy loads 
occur on pavements in the night as well as in the day and induce 
bending of the slab; when the bending stress exceeds the strength of 
the concrete slab, fracture occurs and an unsightly crack appears in 
the slab. 

Older found that the extent of transverse warping varied accord¬ 
ing to the width of the concrete slab, and that it was reduced more 
than 50 per cent in two-lane pavement slabs by using a longitudinal 
center joint (see curve 43, Fig. 84). 

Since transverse warping of concrete pavement slabs occurs with 
changes in temperature, it follows that warping would occur in all 
directions were it not for the restraint offered by the slabs in a length¬ 
wise directicjii. The stresses developed by this restraint were generally 
neglected in the design of concrete pavements because it was believed 
that their magnitude was not great enough to affect materially the 
structural strength of pavement slabs. Stress measurements made by 
the U. S. Public Roads Administration under very carefully controlled 
conditions, and reported in 1935 and 1936, showed that the magnitude 
of these stresses was sufficient to cause cracking of the slabs when 
loaded, and indicated that joints to control warping should be spaced 
at intervals of about 10 ft. The magnitude of temperature warping 
stresses will be discussed later in this chapter. 

THICKNESS OF CONCRETE PAVEMENTS 

Older's Stress Analysis. Clifford Older, formerly Highway En¬ 
gineer of the Division of Highways, Illinois Department of Public 
Works, was probably the first engineer to design concrete pavements 
on the basis of their analysis as a structure provided to withstand 
certain loads. Older concluded from extensive observations that the 
critical point m a concrete pavement is at the intersection of a trans¬ 
verse joint or crack and the outside edge of the pavement, and that 
concrete pavements could be designed, as structures, to resist the 
stresses produced by vehicle loads. Figure 85 illustrates Older's pro¬ 
cedure. The load W is applied at the outside corner of a section of 
slab formed by a transverse joint or crack. The slab will tend to 
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fracture along a line AB at some distance, a, from the comer. Ob¬ 
servations of comer breaks show that the line AB may be assumed 



to be at an angle of 45® with the edge of the pavement. The bending 
moment produced by the load W is 

M ^Wa 


which must be counteracted by the resisting moment of the slab. 
Therefore, qt 

Fa = ^ (40) 

y 

in which S = the tensile stress in the outer fiber of the concrete, in 
pounds per square inch. 

I = the moment of inertia of a rectangular vertical section of 
the slab along the line AB^ about the neutral axis of the 
section, in inches 

y « the distance of the outer fiber of the concrete from the 
neutral axis of the vertical section of the slab along the 
line A in inches. 

The moment of inertia of the verti(*al section of the slab along the 
line AB is 

I = lx2aXd? = ^ 


in which d * the depth of the slab, in inches. The neutral axis of 
the vertical section of the slab is approximately at the center, so that y 
in formula 40 may be assumed to be d/2. Therefore, formula 40 may 
be written 


Wa 


3 


or 


d — 



The factor a has disappeared. 


(41) 
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It will be observed that this formula refers to a plain concrete slab 
which receives no support from the adjacent slab. If we now con¬ 
sider the central portion of the slab, we find that the same formula 
will apply to the critical condition, namely, an interior comer formed 
by the intersection of longitudinal and transverse joints and cracks. 
This condition is illustrated in Fig. 86. Comer cracks are likely to 
occur at any section such as CD, DE, EF, or FC, Some frictional 
resistance is set up in many cases between the fractured surfaces 
which may lessen the stress in one interior corner; but it cannot be 
depended upon and is too small to be taken into account in the design. 



Fig 86 Critical condition for fracture of a concrete pavement m interior of slab, 

due to load stresses 

Older discovered that the deflection of the corners of concrete slabs 
was materially decreased if the slabs were held together by means of 
friction between the planes of contact or by means of steel embedded 
in the concrete (see Fig. 87). Friction cannot be depended upon be¬ 
cause both joints and cracks will open up or become wider with de¬ 
creases in temperature which cause contraction. Figure 87 shows that 
the deflection was reduced about one-half by embedded steel; there¬ 
fore, Older assumed that approximately one-half of the load was 
transmitted across the joint or crack into the adjoining slab, the steel 
being stressed in shear only. With this condition we may write 
formula 41 as follows: 

(42) 

Returning to an analysis of the critical point in the central por¬ 
tion of the slab, as indicated by the intersection of a transverse joint 
and a longitudinal joint or of a transverse crack and a longitudinal 
crack, we may decrease the deflection of each comer by placing steel 
longitudinally or transversely, or both. If longitudinal steel, only, is 
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placed, and if no transverse support is afforded between adjacent 
slabs formed by either a joint or a crack, the thickness of the pave¬ 
ment must be determined by formula 42. If, however, transverse as 
well as longitudinal steel is used, the load will be transferred to some 


I 


L02 


Load 


^Unbroken edge 


3E 


pS^j ^’^Curye A|~ 


18 16 14 12 10 8 6 4 2 0 

Distance of rear truck wheels to diaK'Distances in feet) 

Load Corner ^Closed joint 

^ J A ^ 




Distance of rear truck wheels to loint (Distances m feet) 


Fig 87 Deflection of a concrete pavement due to a moving load {Older) 


extent in both directions to adiacent slabs The extent to which the 
load is transferred to the adjacent slabs was open to some question, 
but Older suggested the use of the formula. 



in which d* = the interior depth of the slab, in inches. 


(43) 
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It is apparent, from these considerations, that the thickness of 
pavements may be reduced if provision is made, by means of steel, to 
transmit loads across joints and cracks. The width of the tliickened 
edge of pavements containing transverse as well as longitudinal steel 
remains to be determined. Older observed that corner breaks seldom 
occurred at distances of more than 2 ft from the corner and concluded 
that the width of the thickened edge should be 2 ft and that the 
thickness of the pavement should be reduced to the interior thickness 


(a) Thickened Edge Section 
(Older) 


(6) Thickened Edge Section; 
Wedge Thickening 


Parabolic curve- 


(cf Thickened Edge Section, 
Two Parabolic Curves 




Parabolic curve 


Fig, 88. Shapes of cross-seciions of concrete pavements. 


in the next 2 ft, as shown in Fig. 88(a). There was some objection 
10 this cross-section on account of the difficulty of shaping the sub¬ 
grade, and the shape of cross-section shown in Fig. 88(5) has been 
extensively used. Another cross-section provided for the edge thick¬ 
ening by means of two parabolic curves as sliown in Fig. 88(c). 
Formulas 42 and 43 may be applied to the latter cross-section with¬ 
out appreciable error, but formula 42 should not be used to determine 
the edge thickness of pavements having the cross-section siiown in 
Fig. 88(6). Practice has varied in regard to the determination of the 
edge thickness of the trapezoidal edge section of Fig. 88(6). A simple 
solution consists of assuming that the value of d, obtained from 
formula 42, may be taken as the average thickness of the trapezoidal 
edge section. The outside edge thickness then would be determined 
from the formula 

de - di + 2(d - di) (44) 

in which == the thickness, or depth, of the outside edge of the slab. 
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Since the endurance limit of concrete subjected to repeated appli¬ 
cations of loads is approximately 55 per cent of the ultimate strength, 
and since, as already stated, paving concrete generally has an ulti¬ 
mate flexural strength of 650 to 750 lb per sq in., allowable imit 
stresses of 300 to 350 lb per sq in. have been widely used in the pre¬ 
ceding formulas. Older believed that it was unnecessary to provide 
for the effect of impact because concrete pavements may be con¬ 
structed and maintained to eliminate significant impact due to surface 
irregularities. Many designers, however, have believed that some 
allowance for impact should be made on account of deflections under 
loads at joints and cracks, and other conditions which at times would 
contribute to moderately high impact forces. Oldei also believed that 
subgrade support should be disregarded because of the lack of contact 
of the under side of the pavement slab and the subgrade. The pro¬ 
cedure of design will be illustrated by assuming that a pavement will 
be subjected to a wheel load of 8000 lb (which is the maximum legal 
load recommended by the American Association of State Highway 
Officials). Using formulas 42 and 43, with an allowable unit stress 
of 350 lb per sq in., and providing for an increase of 50 per cent in 
the load W due to impact, the edge and interior thicknesses of the slab 
for the cross-section shown in Fig 88(a) would be 7 2 and 5 9 in, 
respectively. If the edge thickness for the cross-section shown in 
Fig. 88(6) is determined by means of formula 44, which is approxi¬ 
mate only, a value of 8 5 in is obtained. These thicknesses are very 
close to the 9-6-9 in, cross-section so widely used. 

Formula 42 assumes that 50 per cent of a wheel load at the out¬ 
side edge of the pavement is transferred across a transverse joint 
when dowels are placed across the joint, and formula 43 assumes that 
two-thirds of the load is transferred from the loaded slab to the ad¬ 
jacent slabs at interior corners Doweled joints do not provide for 
this degree of efficiency It probably is safe to assume that one-third 
of the load is transferred across transverse joints when closely spaced 
dowels are used across the joint; formula 42 then would be modified 
to read as follows: 

j l2W 

d = yj-^ (42a) 

and, allowing for the same proportion of transfer across longitudinal 
joints, formula 43 would be modified as follows: 

, OPT 


(43a) 
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Using formulas 42a and 43a, with an allowable unit stress of 350 lb 
per sq in., and providing for an increase of 50 per cent in the load 
W due to impact, the edge and interior thicknesses of a slab carrying 
a wheel load of 8000 lb, and designed according to the cross-section 
shown in Fig. 88(a), would be 8.33 and 6.76 in., respectively. If 
formula 44, which, as already stated, is approximate only, is used to 
determine the edge thickness for the cross-section shown in Fig. 
88(6), a value of 9.9 in. is obtained. These thicknesses correspond 
closely to the 10-7-10-in. cross-section which is widely used on heavy- 
traflSc highways. 

This analysis of stresses was an outstanding development in the 
structural design of concrete pavement slabs but was incomplete in 
the following respects: 

1. It was assumed that the critical stresses occurred near the 
corners of slabs and did not provide a method for determin¬ 
ing the stresses in other portions of the slab. 

2. The wheel load was assumed to be concentrated at the corner 
point of the slab, whereas it is distributed over an area of 
contact between the tire and the slab. 

3. Some allowance for subgrade support may be justifiable 
under some conditions, particularly under the interior por¬ 
tion of slabs. 

4. It did not provide a definite procedure for evaluating impact. 

5. The magnitude of the stresses developed by restrained warp¬ 
ing was not taken into consideration. 

6. The establishment of minimum thicknesses for pavement 
slabs, particularly on roadways subjected to light-weight 
traffic, was not standardized. 

Westergaard Stress Analysis. Professor H. M. Westergaard made 
theoretical studies of the stresses developed in a concrete pavement 
by static loads applied at three critical i)oints, assuming that the 
pavement slab acted as a homogeneous isotropic clastic solid, that the 
entire slab was in contact with the subgrade, and that the subgrade 
reactions w^ere vertical and directly proportional to the slab deflec¬ 
tions. He expressed the subgrade reaction per unit of area at any 
given point as a coefficient times the deflection at the point, calling 
the coefficient the modulus of subgrade reaction and denoting it by 
the symbol k. The resistance of the slab to deflection not only de¬ 
pends upon the subgrade reaction but also upon its own (i.e., the 
slab’s) stiffness, which is a function of its modulus of elasticity, Eo> 
Westergaard expressed this relation between the stiffness of the sub¬ 
grade and the slab as a linear dimension, I, which he called the radius 
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oj relative stiffnese of the slab and mbgrade, and the value of which 
is detennined from the formula 

in which I == the radius of relative stiffness of the slab and the subgrade, 
in inches. 

Ee ** the modulus of elasticity of the concrete, in pounds per 
square inch. 

d — the thickness of the slab, in inches. 

Poisson’s ratio of lateral to longitudinal deformation of 
the concrete. 

k = the modulus of subgrade reaction, in pounds per square 
inch per inch of deflection; assumed constant for a given 
slab and a given type of loading. 

Values of I for various values of Ec, d and k are given in Table 14. 
The three critical load positions are (1) corner loading, (2) edge 
loading, and (3) interior loading, and are shown in Fig. 89. In corner 


w 





Fig. 89. WestcrRaard’s diagram of wheel loads on concrete pavements 

loading, the maximum tensile stress occurs in the top of the slab at 
some distance from the load at the corner, and the maximum bending 
moment is distributed over a vertical section of the slab at a 45° 
angle with the longitudinal edge of the slab (such as the section AB 
in Fig. 85). With interior loading and edge loading, different condi¬ 
tions exist. With interior loading, the maximum bending moment and 
the corresponding maximum tensile stress at the bottom of the slab 
occurs under tlie load and raises tlie question of what ^^effective” sec¬ 
tional area of the slab resists the tensile stress set up by this maxi- 
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TABLE 14 

Values of Radius of Relative Stiffness op Concrete Pavement Slab and 
SUBQRADE for VARIOUS VALUES OF Ec, d, AND k, AND FOR M = 0.15 IN FORMULA 45 
(17. iS. Pvhlic Roads Administration) 


Modulus 
of Klas- 
lirity, Kc, 
lb per eq in. 

Subicrade 

Modulus 

A, lb per 
cu in. 

Radius of Relative Stiffness, 1. in inches, for Different Valuws of d, in inches. 

d *= 4 

d » 5 

d = 6 

d » 7 

d - 8 

d « 9 

d » 10 

d « 11 

d - 12 



50 

23.9 

28.3 

32.4 

36.4 

40.2 

43.9 

47.6 

51.1 

54.5 



100 

20.1 

23.8 

27.3 

30.6 

33.8 

37.0 

40.0 

43.0 

45.9 



150 

18.2 

21.5 

24.6 

27.7 

30.6 

33.4 

36.1 

38.8 

41.4 

3,000,000 


200 

16.9 

20.0 

22.9 

25.7 

28.4 

31.1 

33.6 

36.1 

38.6 



3(X) 

15.3 

18.1 

20.7 

23.3 

25.7 

28.1 

30.4 

32.6 

34.8 



400 

14.2 

16.8 

19.3 

21 6 

23.9 

26.1 

28.3 

30.4 

32.4 



50 

25.7 

30.4 

34.8 

39.1 

43.2 

47.2 

51.1 

54.9 

58.6 



100 

21.6 

25.6 

29.3 

32.9 

36.4 

39.7 

43.0 

46.2 

49.3 



1.50 

19.5 

23.1 

26.5 

29.7 

32.8 

35.9 

38.8 

41.7 

44.5 

4,(K)0,(KK) 


200 

1H.2 

21.5 

24.6 

27 7 

30.6 

33.4 

36.1 

38.8 

41.4 



300 

16.4 

19.4 

22.3 

25.0 

27.6 

30.2 

32.7 

35.1 

37.4 



l4fK) 

15.3 

18.1 

20.7 

23.3 

25.7 

28.1 

30.4 

32.6 

34.8 



f 50 

27.2 

32.1 

36.8 

41.4 

45.7 

49.9 

54.0 

58.0 

62.0 



100 

22.9 

27.0 

31.1 

34.8 

38.4 

42.0 

45.4 

48.8 

.52.1 



1 150 

20.7 

24.4 

28.0 

31.4 

34.7 

37.9 

41.1 

44.1 

47.1 

0,(KK).0(M) 


1 200 

19.2 

22.7 

26.0 

29.2 

32.3 

35.3 

38.2 

41.0 

43.8 



300 

17.4 

20.5 

23.5 

26.4 

29.2 

31.9 

34.5 

37.1 

39.6 



1 400 

16.2 

19.1 

21.9 

24.6 

27.2 

29.7 

32.1 

34.0 

36.8 



f 50 

28.4 

33.6 

38.6 

43.3 

47.8 

52.3 

56.6 

60.7 

64.8 



lOO 

23.9 

28 3 

i 32.4 

36.4 

40.2 

43.9 

47 6 

51.1 

.54.5 



1 150 

21.6 

25 6 

> 29.3 

32.9 

36.4 

39.7 

43.0 

46 2 

49.3 

0,000,(MK) 


200 

20 1 

23 K 

27.3 

30.6 

33.8 

37.0 

40.0 

43.0 

45.9 



300 

18.2 

21.5 

24.6 

27.7 

30.6 

33.4 1 

1 36.1 

38.8 

41.4 



1 too 

16.9 

20.0 

22.9 

25.7 

28.4 

31.1 

33.6 

36.1 

.38.6 


TABLE 15 

Vali ks of Uaouts of Equivalent Distribution of Pressure op C'oncrktb 
Pavement Slabs, according to Formula 
h = +<^ - 0.675rf 

iU. Puhtic lion.dH Advnnistraiinn) 


Hutio 



ValuoM of 5, in inches, 

for Different Values of d, in inches. 


n d 

d - 4 

d - 5 

d 6 

d - 7 

d = 8 

d - 9 

d = 10 

f/ - 1 1 

d = 12 

0 

1..30 

1.63 

1 .95 

2.28 

2.Q0 

2 93 

3.25 

3.58 

3.90 

0. 1 

1.33 

1.66 

2.00 

2.33 

2.66 

3.00 

3.33 

3.66 

4.(KJ 

0.2 

1.43 

1.78 

2.14 

2.50 

2.85 

3.21 

3.57 

3.92 

4.28 

0.3 

1.58 

1.97 

2.37 

2.76 

3.16 

3.55 

3.95 

4.34 

4.73 

0.4 

1.78 

2.23 

2.67 

3.12 

3.57 

4.01 

4.46 

4.90 

5.35 

0.5 

2.03 

2.54 

3.05 

3.56 

4.07 

4.57 

5.08 

5.59 

6.10 

0.6 

2.32 

2.90 

3.48 

4.06 

4.64 

5.22 

5.80 

6.38 

6.96 

0.7 

2.64 

3.30 

3.96 

4.62 

5.29 

5.95 

6 61 

7.27 

7.93 

0.8 

2.99 

3.74 

4.49 

5.23 

5.98 

6.73 

7.48 

8.22 

8.97 

0.9 

3..36 

4.20 

5.04 

5.88 

6.72 

7.56 

8.40 

9.24 

10.08 

1.0 

3.75 

4. (V9 

5.62 

6.56 

7.50 

8 44 

9.37 

10.31 

11.25 

1.1 

4.15 

5 19 

6.23 

7.27 

8.31 

9.35 

10.38 

11 42 

12.46 

1 2 

4.57 

5 71 

6.86 

8.(HI 

9. 14 

10 28 

11 43 

12 57 

13.71 

I .,3 

5.(M) 

6 25 

7.50 

8.75 

10 (H) 

11 25 

12 50 

13.75 

14.99 

1.4 

5.43 

6 79 

S 15 

9 51 

10 87 

12.23 

13 .59 

I I 95 

16.30 

1 r> 

5.88 

7 35 

8 82 

lO 29 

11 76 

13 23 

14 70 

16 17 

17.64 

1 !6 

6.33 

7 91 

9 49 

11 08 

12 66 

14 24 

15 82 

17.41 

18.99 

I 7 

6.79 

8 48 

10 18 

11 88 

13 57 

15 27 

16 97 

18 66 

20.36 

1.724 * 

6.90 

8.62 

10 34 

12.07 

13 79 

15 52 

17.24 

18 96 

20 69 


* When a, d is than 1.724, h — 
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mum bending moment. Theoretically, if the load were eoneentrated 
at a point, the bending moment imder the load would have a value 
of infinity. Actually, however, the bending moment and the resulting 
tensile stresses are not infinite in value but are finite values owing to 
the effect of the slab thickness in distributing the bending moment 
over a vertical section whose horizontal projection is circular in shape 
and whose center corresponds with the center of the loaded area. 



Fig 90. Relation between tlie radius of tire-eontact arc i on a pavement slab 
and the radius of equivalent distribution of pressure' of the pavement slab. 
(// M Wci>tcrganrd ) 


Westergaard called the radius of this circle the radius of equivalent 
distribution of pressure, and calculated values of it in terms of the 
thickness of the slab, d, in inches, and the radius of the loaded area, 
a, in inches The results of his calculations are shown graphically in 
Fig. 90. The curve in Fig 90 closely approximates a hyperbola rep¬ 
resented by the equation 


h = \/1 6a^ + — 0 675c/ 


in which 6 is the radius of equivalent distribution of pressure. For 
values of a larger than 1 724(i, b may be taken equal to a Calculated 
values of b for various values of a and d are given in Table 15. The 
conditions under edge loading are somewhat similar to those under 
interior loading, and Westergaard replaced the radius of the loaded 
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BJteA, a, by the radius of equivalent distribution of pressure, b, in 
formulas developed for calculating maximum tensile stresses induced 
by interior and edge loadings. 

An elaborate program of stress measurements in concrete pave¬ 
ments was undertaken by the U. S. Public Roads Administration at 
Arlington, Virginia, to determine the correlation between actual 
stresses and the stresses calculated by means of Westergaard’s formu¬ 
las. As a result of this investigation, E. F. Kelley has recommended 
the following formulas for determining the maximum tensile stresses 
in concrete pavement slabs induced by loads: 


Comer loading 


Interior loading 




3W 


S. = 


0.316TF r 

L 


41og,oQ 


+ 1.069 


] 


(46) 

(47) 


Edge loading, when the slab is in an unwarped condition, and when the 
edges of the slab are warped downward (in the daytime) 


s. = [4 logic Q + 0 . 359 ] 


(48) 


Edge loading, when the edges of the slab are warped upward (at night) 


<s. = [4 logic (^) + logic fe] (48o) 


in which Scj Si, and Se are the maximum unit tensile stresses, in 
pounds per square inch, in the slab at the corner, in the interior, and 
in the edge, respectively; W is the load in pounds; and d, a, I, and b 
have the significance already described. The value of I in each 
formula is calculated by formula 45. Formulas 47 and 48, as derived 
by R. D. Bradbury, are merely algebraic reductions of Westergaard's 
formulas (assuming equal to 0.15), and formulas 46 and 48a are 
empirical modifications of Westergaard^s formulas, based upon the 
results disclosed by the Arlington experimental investigation. 

As these formulas involve considerable amounts of labor in their 
solution, Bradbury suggested a simplified procedure based on the fact 
that all the formulas have the general form 


S - 


QW 

d2 


in which the value of Q, called a stress coefficient, is controlled by 
the ratio a/l for stresses induced by comer loadings, and by the ratio 
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l/b for stresses induced by interior and edge loadings. Values of the 
stress coefficients in formulas 46, 47, 48, and 48a are given in Tables 
16, 17, 18, and 19. 

R. F. Kelley, of the U. S. Public Roads Administration, lias called 
attention to the fact that it is not possible to assign precise values to 
the several variables which appear in the stress formulas, in attempt¬ 
ing to design a pavement slab for a specific location, but that it is 
possible to assign general values to these variables which are reason¬ 
ably conservative; he makes the following recommendations. 

1. A range in the value of the subgrade modulus (k) of 50 to 300 
lb per cu in. may reasonably be expected in practice, and, for general 
use, a value of 100 lb per cu in. appears to be appropriate. 

2. A value of Ec of 5,000,000 lb per sq in. is representative of con¬ 
crete in pavement slabs. 

3. The impact reaction of a moving vehicle wheel is sufficient to 
make it a factor in pavement design. Also, the eftect of speed on the 
impact reaction may be neglected for speeds above 50 miles per hour. 
Also, the magnitude of the impact reaction is definitely related to the 
frequency of its occurrence, and it is reasonable to assume a fre¬ 
quency of 100 per mile, or that the maximum impact reaction will 
occur once in about every 50 feet. Also, while the impact reaction is 
a function of the wheel load, tlie ratio of the impact reaction to the 
static load decreases as the wheel load increases. Table 20 contains 
impact factors and total impact reactions (including the static load) 
suggested by the U. S. Public Roads Administration for design pur¬ 
poses. 

4. The assumption that the contact area of a pneumatic tire on a 
pavement, resulting from bt)th a static load and an impact reaction, 
is circular will not lead to a serious error. Figure 91 shows the rela¬ 
tion between wheel loads and the radius of equivalent circular areas 
of tire contacts as developed by the II. S. Public Roads Administra¬ 
tion, which is assumed to apply to impact wheel loads as well as static 
loads. 

5. When design is based on dual-tire ecjuipment, it appears reason¬ 
able to assume that the radius of the area of tire contact for edge 
loadings is the same as for interior and corner loadings. 

6. When design is based on single-tire equipment, owing to the 
fact that the area of tire contact is undoubtedly changed, it appears 
desirable to assume that the area of the tire contact for edge loadings 
is the same as for interior and corner loadings. (If r is the radius 
of a circle, the radius of a semicircle having the same area as the 
circle is r \/2.) 



THICKNESS OF CONCRETE PAVEMENTS 


237 


TABLE 16 

Stress Coefficients, ft, for Corner Loads on Concrete Pavements, Cal¬ 
culated BY Formula 46 
^ « 0.J6 

(U. S. Public Roads Administration) 


Ratio 

a/l 

Qc 

Ratio 

a/l 

Qc 

Ratio 

a/l 

Qc 

Ratio 
n ^l 

Qc 

Ratio 

a/l 

Qc 

Ratio 

a/l 

Qc 

0 



2.713 

0.20 

2.341 

0.30 

1.928 

0.40 

1.486 

0.50 

1.021 


2.982 

o.n 

2.678 

0.21 

2 301 


1.885 

0.41 

1.440 

0.51 

0.973 

0.02 

2. OAR 

0.12 

2.643 

0.22 

2.261 

0.32 

1.841 

0 42 

1.394 

0.52 

0.925 

0.03 

2.932 

0.13 

2.607 

0.23 

2.221 

0.33 

1.798 

0.43 

1.348 

0.53 

0.877 

0.04 

2.904 

0.14 

2.570 

0.24 

2.180 

0.34 

1 754 

0.44 

1.302 

0.54 

0.820 

0.05 

2.875 

0 15 

2.533 

0 25 

2.138 

0.35 

1.710 

0.45 

1.256 

0.55 

0.781 

0 (>« 

2.845 

0.16 

2.496 

0.26 

2.097 

0.36 

1.666 

0.46 

1.200 

0.56 

0.732 

0.07 

2.813 

0.17 

2.458 

0.27 

2.0.5.5 

0 37 

1.621 

0.47 

1 162 

0 57 

0.684 

0 08 

2.780 

0 18 

2.419 

0 28 

2.013 

0 38 

1.576 

0.48 

1.1)5 

0 58 

0.635 

0.09 

2.747 

0.19 

2 380 

0.29 

1.971 

0.39 

1.531 

0.49 

1.068 

0.59 

0.60 

0.586 

0.537 


TABT.E 17 

Stress Coefficients, for Interior Loads on (Concrete Pavements Cal¬ 
culated BY Formula 47 
M = 0J5 

(f/. S. Public Roads Administration) 


Ratio l/h 

Qi 

Ratio l/h 

Q, 

Ratio l/h 

Qi 

Ratio l/h 

Qi 

Ratio l/h 

Qi 

1.0 

0 33H 

4 0 

1 .KMl 

7.0 

i'.407 

10 0 

1 603 

13.0 

1.747 

1 1 

0.391 

4 1 

1.113 

7.1 

1 415 

10 1 

1 609 

13.1 

1.752 

1.2 

0.438 

4.2 

1.127 

7.2 

1 423 

10 2 

1 614 

13.2 

1.756 

1 3 

0.482 

4 3 

1.140 

7 3 

1.430 

10 3 

1.619 

13 3 

1.760 

1 4 

0 523 

4 4 

1.152 

7 4 

1 438 

10 4 

1.625 

13.4 

1.764 

1 5 

0..561 

4.5 

1 164 

7 5 

1 445 

10 5 

1 630 

13.5 

1.768 

1.6 

0 596 

4 6 

1. 177 

7 6 

1 452 

10 6 

1 635 

13.6 

1.772 

1.7 

0 630 


HnuS 

7.7 

1 460 

10 7 

1.640 

13.7 

.1.776 

1.8 

0 661 



7.8 

1 467 

10 8 

1 645 

13.8 

1.780 

1.9 

0.691 

Ul 

uyu 

7.9 

1.474 

10.9 

1 651 

13.9 

1.784 

2 0 

0 719 



8 0 

1.481 

11 0 

1.656 

14.0 

1.788 

2.1 

0 746 

5.1 

1.233 

8.1 

1.487 

11.1 

1 660 

14.1 

1.792 

2.2 

0.771 

5.2 

1.244 

8 2 

1.494 

11 2 

1.665 

14.2 

1.796 

2.3 

0.796 

5.3 

1.254 

8 3 

1.501 

11.3 

1.670 

14.3 

1.800 

2.4 

0 819 

5.4 

1.265 

8.4 

1.507 

11.4 

1.67.5 

14.4 

1.803 

2.6 

0.842 

5.5 

1.275 

8 5 

1.514 

11.5 

1.680 

14.5 

1.807 

2.6 

0.863 

5.6 

1.285 

8.6 

1.620 

11.6 

1.685 

14 6 

1.811 

2.7 

0.884 

5.7 

1.294 

8.7 

1.527 

11.7 

1.689 

14.7 

1.815 

2.8 

0.904 

5 8 

1.304 

8 8 

1.533 

11.8 

1.694 

14 8 

1.819 

2.9 

0.923 

5.9 

1.313 

8.9 

1.539 

11.9 

1.699 

14.9 

1.822 

3.0 

0.942 

6.0 

1.323 

9 0 

1.545 

12.0 

1.703 



3.1 

0.960 

6.1 

1.332 

9.1 

1.551 

12.1 

1.708 



3.2 

0.977 

6.2 

1.341 

9 2 

1.5.57 

12.2 

1.712 



3.3 

0.994 

6.3 

1.349 

9.3 

1.563 

12.3 

1.717 



3.4 

1.010 

6.4 

1.358 

9.4 

1,569 

12.4 

1.721 



3 5 

1.026 

6.5 

1.367 

9.5 

1.575 

12.5 

1.726 



3.6 

1.042 

6.6 

1.375 

9.6 

1.581 

12.6 

1.730 



3.7 

1.057 

6.7 

1.383 

9 7 

1.586 

12.7 

1.734 



3.8 

1.072 

6.8 

1.391 

9.8 

1.592 

12.8 

1.739 



3.9 

1.086 

6.9 

1.399 

9.9 

1.598 

12.9 

1.743 
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TABLE 18 

SiSEBB CoEFFICnCNTB, Qg, FOR EdGE LoADS ON CONCRETE PAVEMENTS CaLCUIiAIED 

BT Formula 48 
M “ 0.15 

(U» S, Public Roads Administration) 
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TABLE 20 

IifPACT Factors and Total Impact Reactions of Vehicle Loads on Paysments 

Speed, 50 mi per hr. Reasonably smooth pavement surface. Frequency of occur¬ 
rence of maximum impact reaction, 100 per mi. 

(t7. S. Public Roads Administration) 


Static 
Wheel 
Load, lb 

Dual High-Pressure Tires 

Dual Balloon Tires 

Impact 

Factor 

Total Impact 
Reaction, lb 

Impact 

Factor 

Total Impact 
Reaction, lb 

4,000 

2 05 

8,200 

1 70 


5,000 

1 80 

9,000 

1 54 

7,700 

6,000 

1 67 

10,000 

1 43 

8,600 

7,000 

1 66 

10,900 

1 37 

9,600 

8,000 

1 48 

11,800 

1 31 

10,500 

9,000 

1 41 

12,700 

1 27 

11,400 

10,000 

1 36 

13,600 

1 24 

12,400 



WhMl load, thousands of pounds 
Courtesy U. 8 Puhlie Roads Administration. 


Fia. 91. Relation between wheel load (static or impact) and radius of equivalent 
circular area of tire contact. 
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7. Inasmuch as the ^'fatigue limit” or “endurance limit” of con¬ 
crete subjected to a very large number <if rapidly repeated applica¬ 
tions of flexural loads is about 55 j)er cent of the ultimate flexural 
strength, it has been (luite customary to employ about 50 per cent 
of the assumed flexural strength of the pavement concrete as the al¬ 
lowable unit working stress for the design of the slab cross-section. 
On most highways the number of vehicles which produce the maxi¬ 
mum load stress is a small proportion of the total traffic and the 
occurrence of such maximum load stresses is not rapid. It probably 
is safe, therefore, to employ allowable working stresses, in some loca¬ 
tions at least, considerably in excess of 50 i>er cent of the ultimate 
flexural strength. 

The application of the stress formulas and tables will be illus¬ 
trated by the following example. 


Example. Assume a 9000-lb static wheel load on dual balloon tires, and an allow¬ 
able unit stress of 400 lb per s(i in. A: is assumed to be 100 lb per cu in. and E to be 
5,000,000 lb per sq m. ^ 

From Table 20, the total impact reaction, which equals IV, is found to be 11,400 
lb. From Fig. 91, a — 8.5 an. for corner and interior loadings. 

The procedure now involves a cut-and-try method because the value of b depends 
upon the value of d, if a is less than 1.724d. Values of d will be assumed for each of 
the three critical load positions and will be adjusted if the variation, one way or the 
other, from an allowable unit stress of 400 lb per sq in. is signihcant. 

Corner Loading. As.sume d == 8.0 in. a/d — 8.6/8.0 = 1.1. From Table 14, 
I * 38.4 in. a/l - 8.5/38.4 - 0.22. From Table 10, Q, = 2.26. Therefore 


QrW 


2.26 X 11,400 
64 


403 lb per sq in. 


Interior Loading. Assume d — ,5.4 in. Fioin I’able 15 (by interpolation), b = 
8.54 in. From Table 14 (by interpolation), / = 2S.6 in. t/b = 28.6/8.54 = 3.35. 
From Table 17 (by inteipolation), Qt — I.IK). 'rheretoie 


Sr 


QjW 

d^ 


1.00 X 11,400 
29.16 


= 391 lb per sq in. 


Edge Loading. Assume d — 7.8 in. a/d = 8.5/7.8 = l.l. From Table 15 (by 
interpolation), 5 = 8.10 in. From Table 14 (by interpolation), L ~ 37.7 in. l/b — 
37.7/8.1 == 4.65. From Table 18 (by interpolation), — 1.73. From Table 19 (by 
interpolation), K,. = 0.31. Q'e = ■+■ A,. = 1.73 -h 0.31 = 2.04. Therefore 


Se 




2.04 X 11,400 
60.84 


382 lb per sq in. 


This value might be considered slightly low in comparison with the allowable unit 
stress of 400 lb per sq in. Therefore, assume d = 7.6 in. a/d = 8.5/7.6 ** 1.1. 
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6 =« 7 89 in / =- 37.0 in Vh - 370789 == 4 7 Q. - 1 74 K, 
1 74 + 0 31 * 2 05 Theiefoie 


A', 


0^ 

r/“ 


2 05 X 11,400 
57 76 


— 405 11) pel sq in 


0 31. C'.- 


The values of - 8 0 in and 7 6 in for tlie corner and edge ot the slab, respectively, 
may reasonably be assumed to be the average thicknesses of the slab when a trape¬ 
zoidal section (as in Fig 886) is employed. Actual edge thicknesses then would be 

At the corner 5 4 + 2(8 0 — 5 4) ~ 10 6 in. 

At some distanie from the coinei 5 4+ 2(7 6 — 54)=* 9 8 in 

If the slab has a, uintonn thukness along the edge for some appreciable width as in 
Fig 88(a), the edge thukness then would be 7 6 in 

Tho relatiun hoTumi slab tlinkness .nid load stu*ssi*s may be 
shown grapiiKally ioi a iimnbei oi loadings and, when so developed, 
will faeilitate tlie doteimination oi slab thuknessos lor bjietihc load¬ 
ings The ciiiiivalent load pioviding loi impact may be obtained 
from Table 20, and tlic (oiusiionding ladius of contact area from 


500 

-400 
cr 

IdOO 

A 

£ 

% 

c 100 
3 

0 

5 6 7 8 98 9 10 11 128 9 10 11 12 

Thickness ot slab nches 

£■£=5 000 00015 per sq in /:=100ib percu in //=0 15 
Load A'SOOO lb Stabc wheel load - Dual high - pressure tires > 

InipdLt reaction 11 800 lb a = 7 8 in 
Loaa b-9000 ib Static wheel load - Dual balloon tires - 
Impact reaction 11 400 lb a = 8 b in 

( onrftHtf XT tS Public HoikIh AdmxnxHrr ui tuu 

hit. 92 ("oiiipciiison ul sinuses m i luiifiott ytivdiunt slab (tuivd bv 80O0-lh 
wind load on higli-jiri "snrf lin^ aid i)v 9U00-li> wh( el load on hdlooii tins 

Fig 91, tor any givc*n static loading Tins i elation loi an 8000-lb 
wlieel load on dual liigh-piessuie tires and lor a 9000-lb wheel load 
on dual balloon tins, as developed by the U S Public Koads Admin¬ 
istration, IS shown m Fig 92 

Magnitude of Stresses Caused by Temperature Warping. The 

warping oi concrete pavement slabs due to variations m the tem¬ 
perature ot the slabs thioughemt their deptn has been described. 
Tempeiatuie-warping stresses were not considered in the foiegoing 
discussion and may be of sufficient magnitude to affect tlie design of 
pavement cross-sections. Westergaard made a theoretical analysis of 


Interiur loading Corner loading Loge loadir g 

(Equation 47) _(Equation 461 < Lquation 48a) 
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temperature-warping stresses, and Bradbury developed equations, on 
the basis of Westergaard’s analysis, for calculating temperature¬ 
warping stresses along the edge and in the interior of pavement slabs 
having commonly employed widths and lengths. These equations, as 
modified by Kelley, arc substantially as follows: 

Warping stresses along the edge of a slab: 

(49) 


Warping stresses in the interior of a slab 

^ _ EcCtt /C* + I^Cy\ 

2 V / 

^ _ EeBtt /Cy 4- 

2 \ 1 - / 


(50) 

(51) 


in which S^e = the warping stress, in pounds per square inch, in the 
extreme fiber of the concrete at the edge of the slab, in 
the direction of the slab length. 

Sxt = the warping stress, in pounds per square inch, in the 
extreme fiber of the concrete in the interior of the slab, 
in the direction of the slab length. 

Syt •= the warping stress, in pounds per square inch, in the 
extreme fiber of the concrete in the interior of the slab, 
in the direction of the slab width 
et = the thermal coefficient of expansion and contraction of 
the concrete, per degree Fahrenheit 
Cx and Cy = coefficients, C, in the direction of the slab length and Cy 
in the direction of the slab width, whose value depends 
upon the length or width of the slab and upon the radius 
of relative stiffness of the slab and subgrade, Z, in inches. 
t = the difference in temperature between the top and bot¬ 
tom of the "slab, in degrees Fahrenheit. 


Eo and n have the same significance as noted previously. Values of C, 
and Cy, corresponding to various values of Lx/l and Ly/Z, where L, and 
Ly are the length and width of a slab, respectively, in inches, are shown 
graphically in Fig. 93 and also are given in Table 21. Attention is 
called to the fact that Syej the warping stress, transversely, in the 
extreme fiber of the concrete at the edge of the slab, is zero. 

In the absence of a mathematical analysis of temperature-warping 
stresses in the corner areas of slabs, Bradbury has suggested the follow¬ 
ing approximate formula for the stress on the diagonal line bisecting 
the comer at the point of maximum load stress: 


EM la 

3(1 - m) Vi 


s. 


(62) 
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in which Sm is the temperature-warping stress and the other sjymbols 
have the significance already described. 

The nature of the warping stress, that is, whether tensile in the 
top or bottom of the slab, depends upon whether the top of the slab 
is warmer or colder than the bottom. The U. S. Public Roads Admin¬ 
istration adopted the convention that the temperature differential is 
positive when the top of the slab is warmer than the bottom, and is 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 !♦ 

Ratios oi Ljif I and Ly/1 

Courtesy R D Bradbury. 

Fig. 93. Coefficients for temperatnre-w.irinuK stresses m concrete pavement slabs. 

negative for the opposite condition. The maximum positive differ¬ 
ential occurs in the daytime and is greater in summer than in winter; 
the maximum negative differential occurs during the night and is 
about the same in summer and winter. (See Table 22 ) The temper¬ 
ature differential vanes greatly with the depth of the slab and, for 
the Arlington tests, had a maximum positive value of about 4® F per 
inch of slab thickness. Bradbury concluded that, for design purposes, 
a maximum positive differential of 3° F per inch of slab thickness was 
reasonable. 

The thermal coefficient of expansion and contraction of concrete 
in pavements varies from about 0.000 04 to 0.000 07 per degree Fahr¬ 
enheit, and Kelley has suggested a value of 0.000 005 per degree 
Fahrenheit for general use. 
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It is apparent from Fig. 93 that, for slabs shorter than 71, the 
length of the slab has a great effect on the magnitude of the longi- 

TABLE 21 

Coordinates of Diagram in Fig 93 
(U S Puhhc Roads Admimsfrnhnn) 


X-x 

1 

or 

Ly 

1 

c. 

or Cy 

Lx 

1 

or 

Ly 

1 

C. 

01 Cy 

Lx Ly 

— or “ 

1 1 

C^ 

or Cy 


1 

41 


0 

010 


4 

95 


0 

701 

7 78 

1 

069 


2 

12 


0 

051 


5 

(>6 


0 

85() 

8 49 

] 

084 


2 

83 


0 

148 


() 

37 


0 

9f>4 

9 90 

1 

078 


3 

54 


0 

309 


6 

69 


1 

000 

11 31* 

1 

052 


4 

24 


0 

508 


7 

07 


1 

032 





* For valued of Lx/l or Ly I gieater than 11 31, the values ot C y and Cy are determined bv a com¬ 
posite curve eonstructed as follows 

Extend the curve plotted fiom the data m the ab<»\< table from (Lx/f H 31, Cx ~ 1 012) toward 
{Lt/l “ 14 14, fx “ 1 wntil it intcr8e<ts a hoii/onfal hue drawn through Cx = 1 043 Cx or Cy 
for all ^alu(‘a of Lj/l or Ly I to thr rinht of this intcrac cti >n is e(|ua] to 1 Oi^ 

tudinal warping stresses developed Figure 94, prepared by the U. S 
Public Iliads Administration, shows grajihieally values of tempera¬ 
ture-warping stresses m the intcrioi, along the edge, and m the 
corner, of slabs Tlie effect of the width of slab on iransver‘^e 



Courtisy R D Bradbury and U 8 Public Ronds Administratum 

Fw. 94(«) Tomporatiiro-w.upmK sticsscs m interior of concrete pavements 
according to Bradbury's formula 
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temperature-warping stresses is shown in Table 23 for slabs 30 ft in 
length and 10 ft and 20 ft in width, these widths corresponding to 



Fig. 94(6). Tomperatuie-waipinf? htiosst*b along edge of toneicte pavement slabs 
atcoiding to Bradbury’s formula 



Fig. 94(c). Ternperatuie-warping stresses m the comer of concrete jjavement 
slabs accoidmg to Bradbury’^ formula 

the average single and double traffic lanes, respectively. The signifi¬ 
cant facts shown in Table 23 are that the warping stresses in a slab 
of 10-ft width may be as high as 200 lb per sq in. (which is certainly 
high enough to affect the design of the cross-section), and that the 
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warping stresses in a slab 20 wide may be from 1% to 3 times as 
great as in a slab 10 ft wide. The desirability of installmg longi- 

TABLE 22 


MAznitni Tshperature Diffebentuls in Concbete Pavement Slabs, 
Arlington, Virginia, Tests 

(17. S. Public Roads Administration) 



6-in. Slab 

9-in. Slab 

April to 
August, 
inclusive 

September to 
February, 
inclusive 

April to 
August, 
inclusive 

Day 

Night 

Day 

Night 

Day 

Night 


“F 

OF 

OF 

OF 

OF 

OF 

Maximum 

+24 3 

-6 5 

+15 6 

-6 7 

+31 0 

-9 2 

Minimum 

+18 7 

-4 6 

+ 82 

~1 3 

+22 3 

-6 7 

Average... 

+21 2 

-5 8 

+11 8 

-4 1 

+26 9 

-7 5 


TABLE 23 

Transverse Temperature-Warping Stresses in Concrete Pavement Slabs 30 ft 

Long 

{U. S. Public Roads Administration) 


M » 0.15 * 6,000,000 lb per sq in. 

e* « 0 000 005 i (° F.) * M (inches) 


Subgrade 



Transverse Warping Stress, lb per sq in. 

widtn 




Modulus, kf 

of Slab, 

Depth of slab, in. 

lb per cu in 


ft 





6 

7 

8 



100 

1 

(10 

130 

120 

115 

i 

120 

280 

320 

340 

300 

I 

[10 

210 

200 

190 

] 

|20 

285 

335 

380 


tudinal joints so that pavement slabs are approximately equivalent 
in width to a traffic lane, already demonstrated in practice, is thus 
confirmed by theoretical analysis. 
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CMiUned StXBSses Caused by Load and Temperature. The effect 

of combinations of stresses caused by load and temperature may now 
be analysed for each of the three critical positions of load, namely, 
the comer, the edge, and the interior, of a slab. 

Comer, When the slab is curled or warped downward, as in the 
daytime, the temperature-warping stress in the top of the slab is com¬ 
pressive; at night, the slab warps upward and the temperature-warp¬ 
ing stress in the top is tensile. Since a load at a corner produces 
tensile stress in the top of the slab, the combined stress at night is 
the sum of the two stresses and is greater than the load stress. The 
temperature differential at night is smaller than during the daytime 
(see Table 22) and was assumed as 1® F per in of thickness of slab 
in plotting the diagrams of Fig. 94(c). Since the several variables 
(i.e., fc, a, and d) do not greatly affect the magnitude of the comer 
warping stress, Kelley concluded that a flat value of 40 lb per sq in. 
would be sufficiently accurate f or practical design nuroose s. 

Edge, At night, the edge of a slab is warped upward, and the 
effect of the warping is a tensile stress in the top of the slab. The 
load produces a tensile stress in the bottom of the slab. Thus, the 
combined stress is less than the load stress During the daytime, the 
warping produces a tensile stress in the bottom of the slab, and the 
combined stress is the sum of the load stress and the warping stress. 
Calculations will show that the latter is the maximum combined 
stress.^ 

Interior. Kelley reported that the Arlington tests showed that 
the maximum load stress in the interior of a slab was about the same 
in the daytime and at night, regardless of the direction of warping 
of the edges of the slab, and the combined stress therefore is obtained 
by adding, to the load stress, the warping stress caused by the maxi¬ 
mum daytime temperature differential 

Total Combined Stresses The total combined stresses (load stress 
plus temperature stresses) in pavement slabs 10 ft in width, and hav¬ 
ing lengths of 10, 15, and 30 it, are shown graphically in Figs. 95 and 
96 for various thicknesses of slab and for a value of k (modulus of 
relative stiffness) = 100 It will be observed from Fig 95 that, in 
slabs 30 ft long, the thickness of the slab does not greatly affect the 
magnitude of the total combined stress in the edge and in the interior 

1 Formula 48 should be employed for calculating the daytime edge-load 
stress, and formula 48a for calculating the night-time edge-load stress. A tem¬ 
perature differential of 3® F per m. of slab thickness is assumed for calculating 
the da 3 rtime edge-warpmg stress, and of 1® F per in. of slab thickness for the 
night-time edge-waxping stress. 
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of the slab and that stresses well over 600 lb per sq in. may be ex¬ 
pected in slabs of usual thicknesses. Also, if slab lengths of 10 ft are 
employed, the magnitude of the combined stresses is within limits 
that, generally, are considered reasonable; this fact is more readily 
observed from the data in Table 24. 

Determination of Slab Thicknesses. The data in Figs. 95 and 
96 and Table 24 show quite conclusively that, for lengths of slabs of 


Edge loading - Daytin^e 


Edges warped down 


Interior loading 



~30aengfh" 


Thickness of slab inches 

foutlistf r (W h*(KniH A(hnini9tratn»n 

Fk;. 95. Eff(*(*l ot tlnckiK’ss .ind lf*nia;lli on stn'ssos rmisf'd hv lojul iind 1om])c*ra- 
tiiro warping m od^o and inh’iioi ol a conciotc' p.wi'inont slnl), 10 ff wide. 
{E. F PuhJic licutds, V(tl 2(t, No 5 \July, 

15 ft and greater, the influence of the tein]ierature-warping stresses 
on the total conihined stress is such that tlie value of a thickened-edge 
slab in comparison with a slab of uniform thickness is very question¬ 
able. 


Slahn oj Uniform Thirkneufi, Figures 95 and 96 and Table 24 
show that, if a slab of uniform thickness is desired, t\nd a unit stress 
of 400 lb per sq in. is allowable, the slab length should be 10 ft and 
the slab thickness will be controlled by the corner stress and will be 
9 in. The corner, edge, interior, and free-joint-edge stresses will be 
390, 330, 250, and 340 lb per s(i in., respectively. 
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If 30-ft slab lengths are selected^ reference to Fig. 95 will reveal 
the fact that it is a practical impossibility to select a slab thickness 
which will produce a combined unit stress in the edge or in the inte¬ 
rior that will have a magnitude as low as 400 lb per sq in. If a 9-in. 
thickness is selected, the corner, edge, interior, and free-joint-edge 

TABLE 24 

Combined Stresses in a Concrete Pavement Slab 10 ft Wide and of Uniform 

Thickness 

{From Figs. 96 and 96) 

(U. S. Puhhc Roads Administration) 



Combined Stress, lb per sq in 

Slab 

Length, 

ft 

Edge 

Interior 

Corner 

Edge of Free 
Transverse 
Joint 


Slab 8 in thick 


30 

670 

570 

470 

400 

15 

530 

430 

470 

400 

10 

400 

300 

470 

400 


Slab 9 in thick 


















stresses will be 390, 650, 570, and 340 lb per sq in , respectively. The 
edge and interior unit stresses will be so high in proportion to the 
ultimate strength of the concrete that the slab will inevitably crack; 
if the resulting crack spacing is reasonably close to 10 ft, the actual 
combined stresses, as in the first case described, will be about 390 lb 
per sq in (at an outside corner), and approximately the same result 
will be obtained as though the slab sections were made 10 ft long 
to begin with. 

Reference to Table 24 reveals the fact that the corner stresses in 
pavement slabs of uniform thickness are not greatly in excess of the 
edge stresses, being 70 and 00 lb per sq in. (18 per cent, each) for 
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the 8-in. and 9-in. thicknesses. Kelley states that '^the overstresses * 
that may occur at free transverse joints or at transverse cracks in 
nonreinforced pavements are so small as to be negligible/' However, 
if the pavements are provided with adequate load transfer devices at 
transverse joints and, in the case of slab lengths greater than 10 ft, 
are reinforced so that open cracks will not occur, they may safely be 



Fig. 96 . Kflfcol of tliicknrss of slab on .stress's caiisod bv load and temperature 
warping in the corner and (‘dge of a eonerele ]>a\ement slab, 10 ft. wide, al a 
free transver.se joint. {E. F, KdUy, Public Roach, VoL 20, No 5 {July, 1020],) 


designed for thickness on the basis of the edge stress instead of the 
corner stress. Tlius, for a maximuin unit strt'ss of 400 lb jicr sq in. 
in a pavement having slab lengtlis of 10 ft, the required thickness, 
from Fig. 95, would be 8 in., which is 1 in. less than that for a similar 
slab designed on the oasis of the corner stress. 

Thickened-Edge Slabti. When the length of slab is 10 ft, a thick- 
ened-edge slab will result in combined stresses which are reasonably 
well balanced across the cross-section. However, the determination 
of the thicknesses of the different portions of the slab presents some 
difficulties. The Westergaard analyses were developed on the funda¬ 
mental assumption that the slab is of nnijorm thickness, and they are 
not applicable to thickened-edge slabs. Kelley concluded, however, 

^In comparison with the edge stresses. 
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from data obtained in the Arlington tests, tha:t it was possible to 
determine, approximately, the stresses to be expected in thickened- 
edge slabs. The Arlington data showed (1) that the critical stress 
in the interior of both uniformly thick and thickened-edge slabs was 
the same from the center of the slab to a point about 2% ft (or even 
less in thickened-edge slabs) from the edge; and (2) that the maxi¬ 
mum load stresses at the edge and in the interior of the slab were 
approximately the same when the edge thickness was 1.67 times the 
interior thickness and the edge thickness was reduced to the interior 
thickness at a uniform rate in a distance of 2 to 2^/4 ft. See Fig. 
88(6). It should be borne in mind that the last statement refers to 
load stresses and not to temperature-warping stl'esses. Kelley made 
the additional assumption “that the edge-warping stress in a thick¬ 
ened-edge slab is approximately the same as the edge-warping stress 
in a slab having a uniform thickness equal to the edge thickness of 
the thickened-edge slab,’^ on the basis of warping stresses measured 
in the Arlington tests. 

The approximate unit stresses in the interior and edge of three 
thickened-edge slabs, calculated on the basis of the three preceding 
conditions or assumptions, for the same load and other variables as 
in Figs. 95 and 96, are given in Table 25. Data for slab lengths of 
10 ft and 30 ft are included in Table 25. 

The determination of the dimensions of cross-sections, as shown 
in Table 25, follows a “cut-and-try^^ procedure, and will be described 
for one case, that of the 9-6-9-in. section having a length of 10 ft. 
The interior load stress of 370 lb per sq in. and the warping stress 
of 110 lb per sq in. are the vertical ordinates to the curves marked 
“load stresses^’ and “temperature stress, 10' length,” in the right-hand 
diagram of Fig. 95. The edge stresses are found by first calculating 
the interior thickness corresponding to an edge thickness of 9 in.: 
9 -h 1.67 — 5.4 in. Referring again to the right-hand diagram of 
Fig. 95, the load stress of 430 lb per sq in. is the vertical ordinate to 
the “load-stress” curve for a slab thickness of 5.4 in. The warping 
stress is found in the left-hand diagram of Fig. 95 and is the vertical 
ordinate to the “temperature-stress” curve for a 10-ft slab length 
corresponding to a slab thickness of 9 in. 

The foregoing discussion applied to thickened-edge slabs 10 ft long. 
If a longer slab is to be employed, the maximum unit stresses for the 
three cross-sections of Table 25 will be so high that cracking may be 
expected, and, if the spacing between cracks is reasonably close to 10 
ft, the same results will be obtained as with 10-ft lengths. 

Reference to Table 24 will show that, when slabs of uniform thick- 
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nesB arc designed (for thickness) to resist either comer or edge 
stresses, the edges of free transverse joints or cracks will not require 
strengthening. The situation is different, however, for thickened-edge 

TABLE 25 

Combined Stresses in Thickened-Edge Concrete Pavement Slabs 10 ft Wide ♦ 

(E, F, Kelley, U. S. Public Roads Administration, Public Roads, Vol. 20, No. 6, 

August, 1939) 



Unit Stresses, lb per sq in. 

Slab I^ength of 10 ft 

Slab Length of 30 ft 

Interior 

Edge 

Interior 

Edge 

Edge of Free 
Transverse 
Joint 


0-6-9-in. Section 

Load stress. 

370 

430 

370 

430 

530 

Warping stress. 

110 

60 


370 

90 

Combined stress. 

480 

480 

620 

800 

620 


10-6.8-10-in. Section 

Load stress. 

300 

370 

300 

370 

440 

Warping stress. 

90 

50 

290 

400 i 

80 

Combined stress. 

390 

420 

590 

770 

520 


11.2-7.8-11.2-in. Section 

Load stress. 

240 

310 


310 

360 

Warping stress. 

70 

40 

330 

440 

60 

Combined stress. 

310 

350 

570 

750 

420 


* Assuniptions with respect to load and other variables are the same as in Figs. 95 and 96. 


slabs. The edges of free transverse joints may be adequately 
strengthened by thickening the slab or installing suitable load-trans¬ 
fer devices (such as dowels). The edges of transverse cracks may be 
adequately strengthened by installing steel reinforcing throughout the 
length of each slab, which will prevent the formation of open cracks. 
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^ It is an interesting fact that the ratios of the edge thicknesses to 
the interior thicknesses of the pavement cross-sections of Table 25 
are 1.50, 1.47, and 1.44, for the 9-6-9-in., 10-6.8-10-in., and 11.2-7.8- 
11.2-in. sections, respectively. In other words, if the interior thickness 
of a thickened-edge pavement slab (10 ft in length) is determined, 
on the basis of both load and temperature-warping stresses, the edge 
thickness will be approximately times the interior thickness. 

The selection of pavement cross-sections generally has been dis¬ 
cussed from the viewpoint of maximum legal loads. In some special 
instances, the critical load may quite properly be less than the maxi¬ 
mum legal load. The calculation of slab thicknesses under such con¬ 
ditions by the procedures described may produce thicknesses which 
will be less than good judgment will approve. A thickness of 5 in. 
appears to be the minimum which should be employed with concrete. 

The diagrams of Figs. 95 and 96 are applicable to wheel loads of 
8000 lb on dual high-pressure tires. If larger or smaller loads are 
employed for design purposes, the determinations of thickness must 
be obtained directly from the appropriate formulas; a cut-and-tiy 
procedure will be necessary, beginning by assuming values for thick¬ 
ness. 

The value of great refinement in the determination of slab thick¬ 
nesses and of the use of a large number of thicknesses is questionable. 
Edge and center thicknesses are controlled by the height of side forms 
and by the shape of templates used on subgrading machines, and a 
large investment in forms and templates would be required of con¬ 
struction organizations if the number of thicknesses were large. The 
practicable use of a few standard cross-sections is well illustrated by 
the practice of the Division of Highways of the Illinois Department 
of Public Works. (See Fig. 97.) Pavements having an interior 
thickness of 8 in. are used in all cities having a population of over 
20,000, and in unincorporated territories in the metropolitan areas of 
Chicago and East St. Louis; pavements having an interior thickness 
of 7 in. are used in cities under 20,000 in population having a large 
amount of industrial hauling and in unincorporated territory adjacent 
to cities over 20,000 in population other than in the metropolitan 
areas of Chicago and East St. Louis; pavements having an interior 
thickness of 6% in. are used in cities under 20,000 in population with 
very little industrial hauling and in unincorporated territory not 
adjacent to cities over 20,000 in population. The laws of Illinois 
permit an axle load of 16,000 lb, with an increase of 50 per cent in 
cities of more than 20,000 population. 

The necessity of thickened edges on street pavements depends 
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very largely upon the arrangement and design of joints. Figure 98 
shows a layout recommended by the Portland Cement Association 
for street pavements in which a free longitudinal joint is used along 
the center line of wide streets and doweled longitudinal joints are 
placed at 10-ft intervals on each side of the center line; thickened 
edges are required along the free longitudinal center joint. Thickened 
edges are not required along the outer edges of street pavements 
when the outside portions of the pavements are used for parking or 
have integral curbs. 

Several typical cross-sections of concrete pavements for both rural 
roads and municipal streets are shown in Fig. 97. 
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CHAPTER XII 


CONCRETE PAVEMENTS AND FOUNDATIONS 
CONCRETE PAVEMENTS 

The first concrete pavement was built in Bellefontaine, Ohio, in 
1893, but concrete was not widely used as a paving material until the 
motor vehicle became an important unit of transportation. Wayne 
County, Michigan, in 1909, commenced the construction of an exten¬ 
sive county road system of concrete, and the use of concrete for both 
municipal and rural pavements developed rapidly. 

The earliest concrete pavements were crudely designed and con¬ 
structed in comparison with present standards. Present methods of 
design and construction are the result of many developments, among 
which are the extensive studies to determine the laws which control 
the quality of concrete, the improvement in the quality of Portland 
cement, studies of the expansion and contraction of concrete pave¬ 
ments, elaborate investigations of the structural action of concrete 
pavements, the manufacture of greatly improved machinery and tools 
for construction, and improved methods of producing mineral aggre¬ 
gates for use in concrete. 


Design of Concrete Pavements 

Cross-Sections. The theory of the structural design of concrete 
pavements was discussed in Chapter XI. The development of Older’s 
theory of stresses in concrete pavements led to the extensive use of 
thickened edges and longitudinal joints; several typical cross-sections 
of pavements are shown in Fig. 97. As stated in Chapter XI, the 
design of cross-sections for street pavements depends upon the ar¬ 
rangement and design of joints. The layout shown in Fig. 98 pro¬ 
vides for a free longitudinal joint with thickened pavement edges 
along the center line of wide pavements, for doweled longitudinal 
joints along traffic-lane boundaries, and for alternate expansion and 
contraction joints along the pavement at intervals of 30 ft. 

Crowns. The crown of concrete pavements should be as low as 
possible for rural highways, particularly when the crowned section is 
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retained on superelcvated curves. Crowns of 34 o to % in. per ft are 
common; crowns on municipal streets are generally slightly higher. 

Longitudinal Joints. Longitudinal joints are widely used in con¬ 
crete pavements for the purpose of reducing transverse warping. It 
is essential that the adjacent slab sections be tied together and that 
the joints be effective in transferring loads from one section of the 
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California Division of Highways 

Fig. 97. Typical cross-sections of concrete pavements. 


pavement to the adjacent section. The joints are tongue-and-groove, 
weakened-planc, and butt. The last are generally used only when 
adjacent slabs are constructed at different times. A metal separating 
strip forms the tongue-and-groove joint and is held in place by pins, 
as shown in Fig. 99(a); tongue sections are either trapezoidal or tri¬ 
angular. Measurements of stresses in concrete slabs caused by loads 
near joints, made by the U. S. Public Roads Administration, showed 
that the tongue-and-groove joint, when dowels bonded to the concrete 
hold the slab sections together, is most effective for load transfer. 
Closeness of spacing of dowel bars across longitudinal joints has not 
been shown to be necessary, and a spacing of 60 in. is common. 
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Joint Layout for 26*-0*' & 56-0" Street 



Fig. 98. Layout of joints recommended by the Portland Cement Association for 
concrete pavements on streets having widths of 26 and 56 ft. 
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Dowel bars are generally ^ in. in diameter and 4 ft long. Both pre¬ 
molded and poured fillers are used above the metal dividing strip. 
The upper edges of the groove shown in Fig. 99(a) should be slightly 
rounded to prevent spalling when rotation of the slabs occurs as the 
result of warping; this rounding of the edges is somewhat more easily 
done with a poured filler. 

Transverse Expansion Joints. The design and construction of ex¬ 
pansion joints involve the selection of a filling material, provision for 
load transfer, and the avoidance of conditions which will tend to 



(a) Tongue and Groove Joint Weakened - plane Joint 


Fi(. 99 Longitudinal loints foi conmdo paNoinont'^ 

produce high stre.sses m the slab adjacent to the joint. The three 
common tyjtes of joints may be described as x)oured bituminous joints, 
preformed joints, and air-chamber joints The poured hilumlnous 
joint is installed by inserting a form in the pavement which is re¬ 
moved after the concrete has hardened and the joint is filled with 
bituminous material. This joint is about the least expensive type but 
possesses the disadvantages that the removal of the form, unless per¬ 
formed very carefully, may break the upper portion of the adjacent 
concrete, and that it is difficult to retain the bituminous material in 
the joint. Preformed joint fillers (see Fig 100) consist of felt or other 
fibrous material impregnated with asphalt or tar, rubber, ordinary 
boards, and cork, ^ome of these preformed fillers extrude when ex¬ 
pansion occurs and may cause a slight bump which is disagreeable to 
the occupants of vehicles. Some non-extruding, resilient joint mate¬ 
rials have been developed which may prove to be satisfactory if their 
durability over a long period of time is demonstrated. The air- 
chamber type of joint shown in Fig. 100 must be made of ductile 
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metal; such as copper, which will not crack or split when expansion 
and contraction occur. Load transfer at expansion joints is generally 
secured by means of round steel dowel bars which extend into the 
slab on each side of the joint. These dowels must be free to move 
when expansion and contraction occur; otherwise, contraction will 
cause the pavement to crack near the ends of the dowels and expan¬ 
sion will cause crushing and fracture of the concrete adjacent to the 


^ H' radius surface of pavement 

♦ V' *_ _A. 


16 01 copper seal 
26 gage sheet steel 



-J- -£SSZ2S1Z 



Top-if 

(a) Air-chamber Joint 



3'steel dowel plate 
(Round steel dowel bars, 
passing through punched i 
holes in metal |oint, are '*) 
also used) 



(b) Preformed Joint 
Fig 100 Expansion joints foi concrete pavements 


joint. This freedom of movement is secured by painting and greasing 
the dowel bars to prevent bond with the concrete and by so placing 
short metal sleeves at one or both ends that end movement of the 
dowels is possible Dian.cters of dowel bars vary from % to % in. 
Studies of load transfer by the U. S. Public Roads Administration 
show that dowel bars should be closely spaced to be effective, and a 
spacing of 12 to 15 in. now is generally considered necessary. Dowel- 
plate joints arc sometimes used and are effective for load transfer. 
The problem of load transfer across transverse joints is intimately 
related to longitudinal warping. If transverse joints were completely 
effective so that 50 per cent of the load on the slab at one side of the 
joint were transferred to the adjacent slab, longitudinal warping 
would be restrained by the rigid joints and no benefit would be re¬ 
ceived owing to a reduction of stresses induced by the restrained 
warping. It is obvious that dowel bars must be installed carefully so 
that they are parallel to the longitudinal axis of the pavement and to 
the surface of the pavement so that free movement is secured when 


260 


CONCRETE PAVEMENTS AND FOUNDATIONS 


the pavement expands and contracts. Dowel bar assemblies which 
may be set in place as a unit are therefore desirable. 

Transverse Contraction Joints. Contraction joints formerly were 
omitted between expansion joints, and transverse contraction cracks 


Top surface of 



Top of subgrade-^ 

Fig 101. Sealcd-metal trans«\('is(' conti act ion joint foi ronorete pavements Used 
by Div’ision of Hif?hv\avs, Illinois Department of Public Works. 

therefore occurred after the concrete slab was placed, sometimes 
within very short intervals of time Dependence was placed on re¬ 
inforcement to prevent wide cracks from forming This practice had 
some disadvantages. Contraction cracks often are irregular and 
therefore somewhat unsightly. The square edges of slabs at contrac- 
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tion cracks tend to spall because of the wedging action which takes 
place as the result of longitudinal warping. Irregular longitudinal 
contraction sometimes produces secondary contraction cracks and 
occasionally diagonal cracking at corners due to the reinforcement 
being bonded to the concrete. Transverse contraction joints, of the 
weakened-plane and sealed metal types, are very extensively used. 
The weakened-plane contraction joint is constructed in the same way 
as the weakened-plane longitudinal joint; the sealed metal joint is 
illustrated in Fig. 101. 

Most designers favor the use of dowel bars, with sleeves, across 
contraction joints. Measurements of load transfer at contraction 
joints, made by the U. S. Public Roads Administration, indicate that 
dowel bars are desirable. The details of size, spacing, and installation 
are the same as for expansion joints. 

Transverse Warping Joints. The desirability of installing joints 
to permit comparatively free longitudinal warping was demonstrated 
by the investigation of pavement stresses conducted by the U. S. 
Public Roads Administration. The results of this investigation have 
not yet been reflected in design procedure. Joints similar to the 
weakened-plane, transverse contraction joints have been recom¬ 
mended for warping joints. 

Steel Reinforcement. Properly designed joints in concrete pave¬ 
ments appear to eliminate the necessity of providing additional steel 
for reinforcement. If transverse contraction joints arc omitted, steel 
reinforcement is desirable because it prevents contraction cracks from 
opening up. 

Steel reinforcement usually is in the form of welded wire fabric or 
bar mats assembled by tying together transverse and longitudinal 
bars at points of intersection. The principal advantage of bar mats 
is their ease of placing. Welded wire fabric, when shipped in flat 
sheet form, however, is not exceedingly difficult to handle. 


Materials for Concrete Pavements 

Fine Aggregate. Sand is most widely used as the fine aggregate 
for concrete pavements. Crushed-stone screenings have been em¬ 
ployed to only a limited extent. Some pavements in which limestone 
screenings served as fine aggregate developed surface scaling, and it 
is largely for this reason that screenings have not been very widely 
used. Sand should be composed of hard, durable particles and should 
be free from organic matter or foreign substances. A clay and silt 
content of not more than 2 per cent is to be preferred on account of 
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the tendency of the clay to rise to the surface of the pavement during 
finishing operations and cause weakening and subsequent scaling of 
the concrete. Satisfactory concrete may be obtained with sands hav¬ 


ing a wide range in grading. The 
typical: 

Passing %-in. sieve 
Passing No. 4 sieve 
Passing No. 16 sieve 
Passing No. 50 sieve 
Passing No. 100 sieve 
Loss by washing 


following grading requirements are 

Per Cent 
100 

95 to 100 
35 to 75 
8 to 25 
0 to 5 
0 to 2 


Coarse Aggregates. Screened gravel, crushed gravel and crushed 
boulders, crushed slag, and crushed stone are used to the greatest 
extent for coarse aggregate for concrete pavements. 

The desirable characteristics of coarse aggregates are cleanness, 
reasonable hardness and structural strength, round or angular shape, 
and a satisfactory size and grading of particles. 

The cleanness and freedom from deleterious substances are con¬ 
trolled by specifying'maximum percentages, the following require¬ 
ments being representative of good practice: 

Per Cent 


Romovcd hy docantation 1 

Shale 1 

Coal 1 

Clay lumps 0.5 

Soft fragments 3 

Thin, elongated, or laminated partirles 3 

Total deleterious suhstances 5 


It is rather difficult to lay down a definite rule for the hardness or 
structural strength of coarse aggregates. A maximum of 6 to 7 per 
cent of wear in the Deval abrasion test is frequently specified for 
crushed stone. The Los Angeles abrasion testing machine may sup¬ 
plant the Deval abrasion machine. An abrasion test requirement 
(conducted in the Deval abrasion machine) is sometimes adopted for 
gravel but has not been very satisfactory. Crushed blast-furnace 
slag is usually required to have a weight of 70 to 75 lb per cu ft. 

Coarse aggregate particles should be rounded or angular in shape. 
Flat cr slivery particles are objectionable because they may break 
easily if near the surface, or may cause laminations or planes of 
weakness in the concrete. 

A wide variety of sizes of coarse aggregates are used for concrete 
pavements. In general, the coarser materials are desirable because. 
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for the same strength, they require less cement, which is the costliest 
ingredient of concrete. The cost of the concrete is the determining 
factor in the selection of the coarse aggregate, and in some locations 
aggregates that are available must be used rather than more expen¬ 
sive, though more desirable, materials. A maximum size of 2% to 
3 in. is most widely favored if it is economically available. When a 
coarse aggregate having a maximum size of more than in. is to 
be used, it is desirable to employ two or more sizes in order to obtain 
greater uniformity of the concrete mixture. 

Water. Most specifications for concrete pavements provide that 
water for the concrete mixture shall be clean and free from acids or 
alkalis. Generali}, water from any freely running supply will be 
satisfactory. Water from muddy streams or from stagnant pools may 
be objectionable. 

Cement. Standard Portland cement is used for alniosi all con¬ 
crete-pavement construction. In special cases where it is inadvisable 
to keep a street or road closed for the time required for pr('i)er curing, 
higli-early-strengtii Portland cement is used; examples are street and 
road intersections and heavily traveled thoroughlares where detour 
conditions are unsatisfactory. 

Admixtures. Galcium chloride has been used to some extent for 
accelerating the hardening of concrete pavements, but its action varies 
som(‘w]iat with different Portland cements; 2 to 4 per cent, by weight 
of the cement, is generally used, dissolved in the mixing water. 

Composition of the Concrete. The quality of pavement concrete 
is usually measured -in terms of its compressive strength or flexural 
strength, or both. A minimum compressive strength of 3500 lb per 
sq in., and a minimum flexural strength of 650 lb per sq in. at the age 
of 14 days, for specimens of concrete taken on the work and cured 
under carefully controlled conditions, are rci)rescntativc of good prac¬ 
tice. Several methods employed in specifications to control the qual¬ 
ity of the concrete include the use of (1) definite proportions of 
the materials or a fixed cement content, (2) a minimum limitation on 
strength or a maximum limitation on the water-cement ratif), and (3) 
a combination of the foregoing procedures. The first method is pos¬ 
sible only when the size and grading of the mixed aggregate arc care¬ 
fully controlled. Table 26 shows limitations for the composition of 
concrete for several kinds and sizes of coarse aggregate: in this 
specification no strength recjuirement is stiimlated and it is assumed 
that satisfactory strengths will be obtained by the control of pro¬ 
portions, water content, and cement content. Another type of speci¬ 
fication, which is based on proportioning by the ^^mortar-voids 
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theory,”^ is employed by some highway organizations and is illus¬ 
trated by Michigan practice (1&40 Standard Specifications) ^ which 
provides for two sizes of coarse aggregate, the largest having a maxi¬ 
mum size of 2 to 2% in., and has the following limitations: 


Approximate proportions, by volume. 1 : : 4 

Compressive strength at 28 days, lb per sq in., minimum . .. 2500 

Modulus of rupture, lb per sq in., minimum 

At 7 days. 550 

At 28 days. 650 

Estimated cement content, sacks per cubic yard of concrete.. 5.5 


The Michigan specification provides that 'The concrete mixture will 
be designed by the Engineer by the mortar-voids theory for the 
materials to be used. The design will give the amounts of water, 
cement, fine and coarse aggregate required per cubic yard of con¬ 
crete.” 

TABLE 26 

Composition of Concrete for Concrete Pavements 
(Louisiana Department of Highways^ 1940 Standard Specifications) 


Coarse Aggregate 

Approx¬ 

imate 

Propor¬ 

tions, 

by 

Volume 

Maximum 
Water 
Content, 
gal per 
sack of 
cement 

Minimum 
Cement 
Content,* 
bbl per 
cu yd of 
concrete 

Size 

Material 

l^-^in. to No. 4 

Gravel (1 size). 

1:2:3 

5 50 

1 45 

2yi in. to No. 4 

Gravel, stone, or both (2 sizes) 

1:2: SH 

5.75 

1.30 

2 in. to No. 4 

Gravel (1 size). 

1 : 2 : 3H 

5.50 

1 35 

2}4 in- to No. 4 

Gravel, stone, or both (2 sizes) 

1:2:46 

6 00 

1.25 

2H in. to No. 4 

Stone (1 size). 

1:2: S} 2 

5.50 

1.50 


* Sum of parts of aggregate governs if cement content is higher than above figures. 


The workability of the concrete is important and depends upon the 
method of finishing the pavement. The slump test is frequently speci¬ 
fied for determining workability. Slumps of 2 to 3 in., 1 to 2 in., and 
% to % in. are suitable for hand finishing, machine finishing, and vi¬ 
bration, respectively. 

Control of Concrete Mixtures. The quality of concrete mixtures 
is controlled by tests of tlie materials and of the Jiardened concrete. 

^ Bullet in 137, EngiiU'rring Exp. Sta., Piiiv. of HI. (Octobor, 1923), “Tlie 
Strength of Concrete.” by Arthur N. Tall>ot and I'Vauk E. Ricliait. 
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Frequent determinations of the moisture content of fine aggregates are 
essential in controlling the proportions of fine aggregate and water. 
Strength tests on fabricated specimens are desirable as a check on the 
quality of concrete, and 3-day or 7-day tests have some value for con¬ 
trol purposes. Flexural strength tests may be made on the job by 
means of comparatively simple apparatus, but compressive strength 
tests usually must be conducted in adequately equipped laboratories. 

Compressive strength tests are sometimes performed on specimens 
drilled from hardened pavements. Such tests have little or no value 
for control purposes but do have statistical value. Drilled specimens 
are very valuable for determining the actual thickness of pavements. 


CONSTRTTCTION OF CONCRETE PAVEMENTS 

Concrete pavements are constructed by the wet-batch method, in 
which central mixing plants or truck mixers are used, and by the dry- 
batch method, in which the materials are measured at a central pro¬ 
portioning plant and hauled to a paving mixer which mixes the ma¬ 
terials and deposits the concrete on the subgradc. The wet-batch 
method, particularly with truck mixers, is satisfactory but is practiced 
to a much greater extent on municipal street paving than on rural 
road construction. 

Storage and Handling of Aggregates. The usual equipment for 
measuring aggregates consists of volumetric or weighing contain^s 
which are filled from overhead bins by gravity. Cranes, mounted on 
crawler treads, handle the aggregates from cars or stock piles to the 
bins. 

Some storage of aggregates is necessary so that construction opera¬ 
tions will not be stopped by delays in shipments or breakdowns of pro¬ 
ducing jilants. At the same time the contractor saves money when he 
transfers aggregates direct from railroad cars to the measuring plant. 

Care must be taken in placing coarse aggregates in stock piles to 
prevent segregation of sizes. Segregation is greatly reduced when two 
sizes of coarse aggregate are used, but it is desirable to build up storage 
piles in wide successive layers rather than in a conical pile. Sand 
seldom segregates into different sizes because it usually contains mois¬ 
ture which holds the particles together. 

Handling of Cement. Cement in sacks is handled most eco¬ 
nomically when it may be unloaded direct from cars to trucks sup¬ 
plying tlu' mixi'T- Some storage i^ (h'sirable in order to prevent shut¬ 
downs due io delays in shipineiil, and \\ealh(’r-(ighl sheds should be 
provided. 
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Shipment of cement in bulk has increased in recent years as the 
result of adopting weighing methods of measurement and because of 
improved methods of handling. Hopper-bottom cars and motor trucks 
are used when conditions are favorable, but portable pumps for box¬ 
car shipments and containers which are loaded on flat cars and un¬ 
loaded into storage bins by means of cranes are more adaptable to 
most conditions. The cement is discharged from the storage bins to 
weighing batchers by means of screw or belt conveyors. 

Water Supply. As the construction of a concrete pavement re¬ 
quires large quantities of water for mixing and curing, a dependable 
source of supply is imperative. Municipal water supplies can be 
utilized for street paving and for paving on rural roads located near 
cities and villages. The water for most rural road projects must be 
obtained from nearby lakes or streams by means of portable pumps. 
Booster pumps may be necessary on long pipe lines. A 3-in., heavy- 
duty pumj), having a capacity of 15,000 gal per hr, is the common type. 
A 3-in. pipe line is necessary to supply the recpiired amount of water 
for a 27-cu-ft mixer and for curing, and should be equipped with tees 
for hose connections to the mixer and for sprinkling, relief pressure 
valves, unions, and gate valves. 

Preparatidn of Subgrade. Subgrades for concrete pavements are 
usually shaped to a flat or slightly crowned cross-section during 
grading and to the final cross-section after the side forms have been 
set in place. 

It is essential that the subgrade provide uniform as well as firm 
support for the pavement slab, and scarifying and rolling are there¬ 
fore practiced with most soils to eliminate non-uniformity and to con¬ 
solidate the soil. The final cutting to grade generally should be per¬ 
formed after rolling to insure having a true cross-section. The cross- 
section ahead of the mixer should be checked by means of a scratch 
template, consisting of a heavy frame which rides on the side forms 
and which carries spikes or teeth so arianged that their lower ends 
are set at tlie correct elevation. Some highway departments require 
that a scratch temjilaie also be used behind the mixer. 

Dry subgrades absorb water from freshly deposited concrete and 
cause shrinkage cracks; subgrades therefore should be sjirinkled be¬ 
fore the concrete is placed. Sprinkling should be done six to eighteen 
hours in advance of placing the concrete and should be continued until 
the upper soil is quite w’et but not muddy. Light sprinkling at the 
time of placing the concrete often is desirable. 

Forms. Heavy steel side forms, having wide bottom faces, are 
used for retaining the concrete and as side rails for the operation of 
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finishing machines, and are held in place by long, heavy steel pins 
which are securely attached to the forms and are driven into the 
subgrade. When integral curbs are to be constructed, the pavement 
is usually struck off and finished to the normal cross-section with¬ 
out curbs; special curb forms are then attached to the tops of the 
standard side forms, and the concrete for the curbs is placed and fin¬ 
ished while the concrete below is still plastic. 

Placing Reinforcement. Bar mat reinforcement for concrete pave¬ 
ments is best held in place by means of chairs, consisting of bent 



{ r 
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Courtisy of Heltzel Steel Form Co 
Fig. 102 T\pical steel form for eonrreto pavement 

bars, which rest on the subg.’ade and on which the mats are placed. 
This method of placing is particulaly adaptable when the mixer travels 
on the shoulder but tends to slow up the work when the mixer travels 
on the subgradc between the forms. Wire mesh reinforcement is 
placed most effectively by using a preliminary strike board, which 
strikes off the concrete to the required depth of the reinforcement be¬ 
low the surface of the pavement, and then laying the reinforcement 
in place. The mixer then deposits another layer of concrete above 
the reinforcement. The preliminary strike board may be moved along 
the forms by hand, by means of a winch on the mixer, or by the 
finishing machine. 

Construction of Longitudinal Joints. Tongue-and-groove joints 
are formed by means of the metal separating strip shown in Fig. 99 
(a), which is held in place by steel bars or pins driven into the sub¬ 
grade through punched holes in the strip. Dowel bars are placeci^ 
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through punched holes in the strip and are held in place by means of 
pins driven into the subgrade. Placing bars or templates are useful for 
l>utting the metal separating strips in the correct position. 

Weakened-plane joints may be formed by hand, but a more satis¬ 
factory method consists of cutting a groove in the concrete with a 
metal disc mounted on a rigid frame which rides on wheels on the 
side forms. The groove is then rounded with an edging tool operated 
by hand from a bridge which rides on the forms. 



Fro. 103. Typical layout of a central proportioning plant for handling the ma- 
tenals for the construction of a concrete pavement. The cement is generally un¬ 
loaded directly from railroad cars to the trucks carrying the aggregates, and the 
cement storage house is used only for a reserve supply to prevent shutdowns 
caused by delayed shipments 

Construction of Transverse Joints. Transverse joints include ex¬ 
pansion joints, contraction joints, and construction joints. 

The installation of all transverse joints is a very important detail 
of the construction of concrete pavements. The joint must be placed 
accurately at right angles to the longitudinal axis of the pavement to 
prevent lateral movement and vertically so that expansion will not 
tend to cause heaving Dowels must be parallel to the surface, and to 
the longitudinal axis, of the pavement, so that breakage will not be 
caused by bending of the dowels during the expansion and contraction 
of the pavement. The use of dowel bar assemblies facilitates the ac¬ 
curate installation of all transverse joints. 

Preformed expansion joint material is placed by means of a special 
bulkhead which holds it in place until the concrete has been deposited 
and struck off on both sides, when it is removed and the concrete fin¬ 
ished. A metal placing bulkhead is best for this purpose because it 
usually may be withdrawn more easily than wood and leaves a smaller 
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space to be filled with concrete A metal bulkhead in the form of a 
deep channel, slotted to permit withdrawal at dowels and notched at 
the bottom to allow the concrete to hold both sides of the preformed 



Fig 104 Diagram of plant for weighing aggregates for concrete 


filler as the bulkhead is removed, has been widely used The joint is 
submerged to a depth of yy in below the top of the pavement to per¬ 
mit finishing operations to be conducted 

Cypress boards do not require a special bulkhead but are held in 
place by means of T-shaped metal pins which are withdrawn when 
the space above the boards is grooved to receive the asphalt filler. 
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The poured type of bituminous joint is constructed by staking in 
place one or more wooden or metal plates, which are slightly tapered 
to facilitate removal, and which are usually removed on the morning 
after the placing of the concrete. 

Measurement of Materials. The accurate measurement of all ma¬ 
terials is essential in order to secure the desired quality and uniformity 
of quality of the concrete. Aggregates always should be weighed 
on account of the great inaccuracy of volumetric measurement, and 



Fig. 105. Multiple-batch truck deli\cring aggiegates and cement to a 
paving mixer. 


satisfactory proportioning plants therefore are equipped with bins 
which discharge into weighing hoppers. Sometimes there is a sepa¬ 
rate hopper for each aggregate, but a single hopper with separate 
compartments for each aggregate also is used, the weight of each 
aggregate being determined by a separate beam scale or accumulating 
on a dial scale. The ease with which weights may be checked is a 
decided advantage of dial scales Some beam scales are equipped with 
“telltale^^ dials for showing the last 200 to 300 lb of each specified load 
and the overload, if any. 

Cement is measured in full sacks, except in bulk shipments, and is 
added to the batch at the car or cement storage house. When cement 
is shipped in bulk, a separate cement bin and weighing hopper are 
employed. 

The water is usually measured in gallons, although some mixers are 
equipped for weighing the water. The free moisture content of each 
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aggregate must be determined and taken into consideration in estab¬ 
lishing the quantities of water and aggregates for each batch. 

Hauling Equipment. Motor trucks equipped with dump bodies 
having separate compartments are widely used for hauling materials 
from central proportioning plants. Small motor trucks and trailers, 
equipped with batch boxes which are unloaded into the mixer skip by 
means of a crane mounted on the mixer, are preferred by some con- 



Fig 106 The result of hauling mixed concrete several miles m a flat-bottom 

truck body. 

tractors because they may be operated on the shoulders to avoid dis¬ 
turbing the subgradc. When trucks discharge directly into the skip of 
the paving mixer, it is desirable, on many soils, to use turntables to 
prevent excessive marking of the subgrade. 

Central mixing plants forming an integral part of the construction 
equipment, once used to a limited extent on concrete paving, now are 
used infrequently The principal disadvantage of central mixing plants 
is the necessity of providing special hauling equipment on account of 
the segregation of the ingredients of concrete hauled in ordinary truck 
bodies (see Fig 106) Commercial central mixing plants, however, are 
often used, particularly for street paving; truck mixers are used for 
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hauling the concrete which is partially mixed at the central plants, 
mixing being completed while en route to the job. 

Mixing the Concrete. Paving mixers which are operated on (he 
subgrade arc sclf-j)roi)elled and of the boom-and-bucket type; the 
concrete is discharged into a bucket which moves along a boom 
that may be swung over the width of the pavement between the 
forms. The aggregates, cement, and water should all be introduced 



Fig. 107. Placing concrete with boom-and-bucket type of paving mixer. Note 
scratch template hauled behind mixer. 


into the mixer at the same time in order to obtain a uniform consist¬ 
ency and in order that the least amount of time will be consumed in 
charging the mixer. Suitable mixers have a water-measuring tank 
which is filled from an auxiliary tank and accurately measures the 
water when the mixer is operating either on a level or sloping subgrade. 
A mixing time of 60 seconds is practically universal practice, and most 
highway departments require mixers to be equipped with automatic 
timing devices. Various sizes of mixers have been used for paving, but 
a mixer of 1-cu-yd capacity per batch has been found by experience 
to be the most efficient size for most conditions. Dual drum mixers, 
in which the concrete is partially mixed in one drum and transferred 
to a second drum for completion of mixing, have a limited application 
and possess the advantage of having a large output. 

Mixers of 7- to 10-cu-ft capacity per batch frequently are used 
for mixing the concrete for widening on curves, for curbs, and for 
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other special conditions. Ordinarily these auxiliary mixers are not 
c‘ciuipped with boom-and-bucket delivery. 

Deposition of Concrete. The concrete should be deposited on the 
siibgrade so as to avoid as much handling as possible and so that segre¬ 
gation of the materials will be prevented. The boom-and-bucket type 
of paving mixer permits the control of deposition by the swing of the 
boom and the travel of the bucket along the boom and has entirely dis¬ 
placed the chute type of mixer which tends to cause segregation and 



Fig 108 Finishing machine spreading and smoothing concrete. 


makes placing more difficult. Some hand spreading generally is neces¬ 
sary ahead of the finishing machine; this should be done by shovels, 
as hoes or rakes tend to cause segregation of the mortar and coarse 
aggregate. Ready-mixed concrete may be deposited directly on the 
subgrade by operating the trucks between the forms or on the shoul¬ 
ders. The latter method of depositing is preferable with steel rein¬ 
forcement or if the subgrade cuts easily under the truck wheels and 
is particularly applicable when the pavement is constructed in single 
lanes 

Striking Off and Finishing the Concrete. After the concrete has 
been deposited on the subgrade, it is struck off with a strike board or 
screed which rides on the side forms and is shaped to the required 
crown. Hand-operated strike boards have in general been superseded 
by power-operated finishing machines equipped with strike boards. 
Single-screed machines are used, but a double-screed machine, in which 
the first screed is equipped with a strike board (and is set slightly 
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high) and the second screed, set back of the first screed, has a wide 
face which compresses and smooths the concrete, is a more satisfactory 
device Tampers, mounted behind the strike-off screed, formerly were 
widely used, but their action tended to bring the mortar to the surface 
of the pavement and cause scaling due to unequal expansion and con¬ 
traction, and they now are not so extensively used Surface vibrators 
are used, however, mounted between the two screeds on finishing ma¬ 
chines, the concrete is struck off high by the strike board, compacted 



Fki 109 Opoialinjj; sti nghtfdgcb on concrtlf pi\(imnt to i(mo\( iirogulaiitu ^ 
ind scrapt off excess luoitii 


by the vibiator, and smoothed by the second scuod Some con cute 
always should be earned along ahead of the strike board but should 
not pile up so high that it will run over the stiike board or be earned 
outside of the edges 

The finishing machine is followed b'v s(^clal ope i at ions pcifoimed 
by hand, the first being floating with a longitudinal float This float 
has a wooden surface, 6 to 10 in wide and 12 to IS ft long, which is 
stiffened to prevent bending and waiping and is fittc‘d with handles 
so that it may be operated b> two men standing on budges which run 
on wheels on the side forms The float is operated longitudinally with 
a shore transverse motion and each floating e)\erlaps the preceding 
floating by one-half tlie length of the float The longitudinal floating 
IS usually followed by anothci floating with straightedges mounted on 
long handles, which remove the thin layer of mortar on the suiface 
and serve further to improve the longitudinal smoothness of the pave- 
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ment A straightedge about 10 ft long, and mounted on a long handle, 
IS then held over and very slightly above the pavement to chec£: ir¬ 
regularities in the surface, successive straightedging overlaps one-half 
the length of the straightedge High spots are removed with straight¬ 
edges and low areas are filled, the corrected areas are then smoothed 
with floats and again straightedged. 

The final finishing usually is performed with a belt moved longi¬ 
tudinally along the surface with a short transverse motion, this is done 



( ourtesy of Portland, l,ement A88octation 
1 10 110 rmishmg i (ontretc jmtmfnt with a longitudinal float 


after the water sheen on the concrete surface has disappeared, and it 
produces a slightly gutty surface whidi is unifoira in appearance and 
increases the resistance to skidding 

Some highway depaitments prefer a somev^hat more non-skid sur¬ 
face than can be obtained with a belt, and broom the concrete surface 
transversely as the final finishing operation Bass or bassine fibered 
brooms, at least 18 m wide, and with fibers not over 4% in in length, 
are commonly used, and the brooming is performed with one continu¬ 
ous stroke from the center to the edge of the pavement and in such a 
way that the depth of the broom marks do not exceed m 

It is desirable to round the upper edges of the pavement and joints 
with an edging tool. 
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Curing the Concrete. Freshly placed concrete pavement slabs are 
protected against drying out for a definite period of time after initial 
hardening has occurred in order to obtain the desired strength and re¬ 
sistance to wear. This treatment, called curing, is conducted in two 
stages known as preliminary and final curing. 

Preliminary curing is conducted by covering the concrete surface 
with burlap blankets as soon as the concrete has hardened sufficiently 



VvurnHy of Portlana i vmtnt Assnnalion 
Fj(i. 111. FiiiJil finishing of a concrolo pavement with a belt. 


BO that it will not be marked by the blankets and applying water in the 
form of a fine spray. 

Final curing is begun when the concrete has become hard enougli 
to eliminate the possibility of any damage by walking on the slab, re¬ 
moving the forms, or handling the devices used for curing. A large 
number of curing methods have been, and are, practiced, including the 
use of sprinkling, ponding, moist earth, wet straw, wet mats, imper¬ 
meable paper, waterproof membranes, and calcium chloride. 

Sprinkling is one of the oldest methods of curing and is satisfac¬ 
tory when done thoroughly and continuously. It is best performed 
by means of an arrangement of piping and nozzles which effectively 
covers the entire area of pavement. It is wasteful of water and 
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requires a large investment in piping and nozzles; therefore, it gener¬ 
ally IS applioalilo to small jobs only where a large supply of wat/Cr is 
available. 

Tlic ])oiKling method of curing is conducted by building both longi¬ 
tudinal and transverse dikes along the pavement and flooding the pond¬ 
ing sections thus created This method is applicable only when pave- 
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Fk. 112 lini^hing a concrete pa-vement at an expansion joint bv means of a 

split float 

ment grades arc relatively flat; it is not generally used on street 
pavements Ponding is very effective when thoroughly perlormed 
because it removes all doubt in regard to the completeness of curing; 
it IS undesirable, however, on some subgrades either because of the 
quantity of jwater required or because of the effect of saturation of the 
subgrade on possible subgrade movements 

Moist earth and moist straw coverings provide an effective 
method of curing, provided that the covering is kept well moistened 
Both earth and straw coverings are somewhat costly; they also have 
the disadvantages that straw may blow away, and the earth covering 
may cause mud to be spattered and tracked over adjacent pavements, 
sidewalks, lawns, and other property. 
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Burlap, cotton, and other fiber mats are widely used for curing and 
are effective when kept wet. They may be covered with a waterproof 
material to reduce evaporation. 

The use of waterproof paper for curing is permitted by some high¬ 
way departments. The paper is applied directly to the surface of the 
concrete after the burlap blankets for the preliminary curing are re¬ 
moved. The paper is applied in sheets transversely across the pave¬ 
ment with overlapping edges, and must be weighted-down. 



Fkj. 113 CuiinR conriete jjavoment; w(*t burlap in foreground; wet straw cov¬ 
ering m background 


An inij)ervious membrane is obtained by the application of some 
li(|Ui(i which seals the surface of the concrete pavement and prevents 
the evaporation of water. Sodium silicate, cut-back asphalt, and emul¬ 
sified asphalt have been most widely used. .Sodium silicate (water- 
glass) possesses the advantage of being colorless. 

Calcium chloride is used for curing by placing it directly on the 
surface or incorporating it in the concrete mixture by adding it to the 
mixing water. The latter method is most generally favored, and about 
2 lb of calcium chloride is required per sack of cement. About 2 lb of 
calcium chloride per sq yd is needed when applied directly to the sur¬ 
face of the pavement. 

The curing method to be chosen on a specific project depends upon 
a number of conditions. The wet-mat method is common on rural 
pavements. Sprinkling is quite extensively used on street pavements 
where practicable. 
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Water-curing usually is conducted for a period of 72 hours. There 
are numerous conditions, however, in the opinion of the author, under 
which water-curing should be continued for a full week, or longer. 
When temperatures below 45° to 50° F are encountered, water-curing 
is generally omitted. Impervious paper blankets or straw coverings 
are desirable, however, when temperatures fall below 45° F. 

Removal of Surface Irregularities. Most specifications require 
concrete pavements to be checked for surface regularity, and the best 



114. The ponding metliod of cuimg ii (‘onciotc ])ti\f'm('nt. 


time to do this is on the morning after placing when the burlap mats 
have been removed. The surface may be checked by an ordinary 
straightedge 10 ft or more long, but a frame mounted on wheels and 
carrying a contact shoe or roller midway between the wheels and 
connected with an electric bell circuit for registering high areas is more 
satisfactory. High areas are removed by grinding machines. Varia¬ 
tions up to Ys in. in 10 or 12 ft arc generally permitted. 

Removal of Forms and Protection of the Pavement. Forms gen¬ 
erally may be safely removed on the morning after the placing of the 
concrete. Pavements must be protected from injury during the curing 
period, particularly during the first three to six days. Closing of the 
road or street to traffic will usually eliminate opportunities for damage. 
Ordinarily provision must be made on rural roads for access to adja¬ 
cent lands by means of temporary driveways along the shoulders or 
roadsides. Intersections of other roads and streets require provision 
for cross-traffic. Temporary bridging is often placed to carry the 
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traffic over the new pavement. The use of high-early-strength Port¬ 
land cement may be warranted at many intersections, particularly on 
city streets. 

Construction on Horizontal Curves. When horizontal curves are 
widened as well as superelevated, the entire width may be paved at 
one time by dispensing with the finishing machine and finishing by 
hand, or the normal width may be finished with the finishing machine 
and an additional form be placed for the widened area, which is fin¬ 
ished by hand. When the latter method is used, the interior form 
must be removed and the space it occupied be filled with concrete as 
quickly as possible in order to prevent the formation of a weakened 
plane in the concrete slab. Sometimes the widened area is placed after 
the normal width of the pavement has been constructed; with this 
method, dowels may be placed at the adjoining edge of the normal sec¬ 
tion and bent inside of the form; they may be straightened into place 
when the widening strip is placed. Widened strips placed by this last 
method should not be terminated in points, but the ends should be 
squared off to a minimum width of about 8 to 10 in. 

When finishing machines are operated on curves, tlie normal crown 
is generally retained, for two reasons: first, a flat crown frequently 
results in “dishing’^ of the center of the pavement after the longitudinal 
floating and final belting, whereas the normal crown is only slightly 
flattened; and second, changing the crown on the finishing machine 
screeds is inconvenient and slows up the work very materially. 

Construction of Street Intersections. The construction of street 
intersections requires a great deal of care to provide good drainage 
and satisfactory riding qualities. An intersection usually includes a 
flat surface and a warped surface, and the correct elevations are best 
attained by means of carefully set stakes. The surface contour may 
then be secured by means of templates and long-handled floats. 

Construction of Intersections on Rural Highways. Concrete pave¬ 
ments are carried through many rural road intersections with the nor¬ 
mal crown and without widening. In many cases, however, an inter¬ 
section is widened and flattened on account of the present or future 
importance of the intersecting road. Such intersections usually are 
constructed in advance of the normal paving in a manner similar to 
that at street intersections. Dowels frequently are placed at the inter¬ 
secting ends to facilitate connecting the new pavement to the old 
when the intersecting road is paved; in other cases, tlu' ends are thick¬ 
ened to provide additional strength. 

Cold Weather Construction. 'Pbe (onsiniclion ^^\ conen'h' pavi’- 
uieiits is usually suspiiided in cold chmaies during cold seasons and 
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during periods of cold weather in the spring and fall of the year. At 
such times the usual practice is to suspend placing when the tempera¬ 
ture is falling and reaches 40° F. 

Construction during cold weather sometimes is unavoidable, and 
when it is necessary or desirable, high-early-strength Portland cement 
should be used, the water (and the aggregates, if necessary) should 
be heated, and the pavement should be covered as soon as possible 
with burlap or cotton mats and a thick layer of straw. The open¬ 
ing of the pavement to traffic may be deferred as an additional pre¬ 
caution. 


Maintenance of Concrete Pavements 

The maintenance of concrete pavements consists of the care of 
joints and cracks, the replacement of pavement cuts and broken areas, 
and the correction of settlement. 

Joint and Crack Protection. Joints and cracks should be cleaned 
and filled with bituminous material at regular intervals of about six 
to eight months. The paving grades of asphalt, ranging from 30 to 100 
penetration (at 70° F), the grade depending largely on the climate, 
arc very satisfactory for this purpose. If the openings are wider than 
about Ys to ^ in., a mixture of asphalt and sand may be used. The 
bituminous material should not be poured in a wide strip but should be 
confined to the crack as closely as possible and should be covered with 
sand immediately to prevent tracking. 

Replacements. Replacement of portions of concrete pavements 
are necessary when cuts are made for the installation of utility pipes 
or conduits and when breaks are caused by excessive expansion, un¬ 
usual loads, inadequate subgrade support, washouts, or other special 
conditions. 

Defective subgrades should be improved by drainage, by removal 
and replacement of the soil, by means of sub-bases, or by other means 
indicated by the nature of the subgrade failure. When large areas 
are involved, the replacement of the slab area follows the usual con¬ 
struction procedure except that high-early-strength Portland cement 
may be used and the new slab is finished by hand. Replacement gen¬ 
erally can be terminated at transverse joints. 

When pavement cuts or comparatively small areas of damaged 
concrete are involved, rectangular patches should be used wherever 
possible. The upper 2 in. of each edge of the old concrete should be 
trimmed with chisels to as nearly vertical a face as possible to prevent 
spalling after the repair has been completed. The remaining depth 
should be rough, but all loose materials should be removed. 
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High-early-strength Portland cement is desirable for the new con¬ 
crete mixture, although patching can be performed successfully with a 
very dry mixture made with standard Portland cement. A dry con¬ 
crete mixture is used with either type of Portland cement and is 
tamped in place. The faces of the old concrete should be wetted 
and a thin mixture of cement and water applied with brushes. The 
concrete then is placed in layers about 2 in. in thickness and is 
thoroughly tamped, special care being taken to tamp the fresh con¬ 
crete adjacent to the edges of the old concrete. The last layer of 
concrete should, after tamping, be about ^ in. above the adjacent slab. 
After shrinkage has taken place, the concrete again is tamped to force 
it into contact with the edge faces of the old concrete, and is smoothed 
to a true surface by means of a straightedge and floated with a wooden 
float. 

Cuts over trenches should be wider than the trench to provide a 
shoulder of firm subgrade on each side of the trench for a distance 
of not less than 8 in , and it is good practice to make the patch 
about 4 in. thicker than the adjacent slab and ram the fresh concrete 
under the adjacent slabs for a distance of not less than 4 in. Rein¬ 
forcing bars may be placed across the trench to strengthen the slab. 

Correction of Settlement. Concrete pavements often settle over 
weak areas of subgrade which may not be detected and stabilized prior 
to construction. Replacement of these settled areas may be quite 
expensive, and raising by means of a “mud-jack” is a less costly 
method of repair. This device consists of an air-tight chamber in 
which a rather wet mixture of loam, Portland cement, and water is 
placed, the chamber closed, and the mixture forced (by air pressure) 
through a hose inserted in holes drilled through the pavement. The 
loam should contain from 8 to 18 per cent of clay, 10 to 40 per cent 
of silt, 50 to 75 per cent of sand, and 2 to 6 per cent of organic matter. 
The mixture consists of about 1 part of cement to 20 of earth, mixed 
with about 40 per cent of water; the cement reduces the shrinkage of 
the soil after it dries out under the concrete slab. It is necessary to 
drill holes spaced about 8 ft each way, and all holes must be plugged 
except the hole being filled. After filling with the mixture, the holes 
are refilled with fresh concrete or wdth a concrete plug which is ce¬ 
mented into place. This method of raising concrete slabs is effective 
and economical for pavement settlements up to 15 in., provided that 
the pavement is not badly cracked. 

Bituminous patches are also used to even up settled areas; fine mix¬ 
tures of premixed material or rock asphalt are satisfactory for thick¬ 
nesses below 2 in. Coarse mixtures may be used in one layer for thick- 
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nesses up to 3 or 4 in and in two or more layers for greater thicknesses. 
Portland-cement concrete is desirable for thicknesses over 4 in ; the 
pavement must be cut at the ends of the patch beyond the area of set¬ 
tlement to provide for a satisfactory connection of the old and new 
concrete When the settlement is greater than 10 or 12 in, a com¬ 
pacted earth fill may be placed between the old subgrade and the new 
pavement 

Repairing Scaled Areas. When scaling of concrete pavements 
occurs, the use of bituminous patches is about the only satisfactory 
metliod of repaii The concrete surface should be thoroughly cleaned 
of all scale by means of wire brooms and be gi\en a light application 
ol light cut-back asphalt or emulsified asjihalt, after ^^hlch a thin 
layer of rock asphalt or fine-giaded asphaltic concrete is spread and 
rolled 


CONCRETE FOUNDATION OR BASE COURSES 

Concrete base couises arc used extensntlv to support bituminous 
and block types of ^\calmg sui faces for both stiects and roads Con- 
ciete base courses differ from eonciete pa\ements pniuipall> m legard 
to the quality of fonertte and the installation of joints 



Fig 115 Concrete headers idjaccnt to in expinsion loint in i hncK: pa\(inLiiL 


Quality of Concrete. Some difference m opinion exists m regaid 
to the quality of concrete which should be used m concrete foundations 
or base courses Some engineers believe that a comparatively weak 
concrete is best because its lower coefficient of expansion will reduce 
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the amount of warping and longitudinal expansion. The effect of a 
wearing course on the reduction of transverse warping of a concrete 
base course in comparison with a concrete pavement is illustrated in 
Fig. 84. On the other hand, too lean a concrete mixture on moist sub¬ 
grades in cold climates is objectionable for the reason that water may 
enter and damage the base by freezing. Other engineers believe that 
the wearing course on a concrete base does not contribute very mate¬ 
rially to the structural strength of the pavement and that the same 
quality of concrete therefore is needed in a concrete base course as in 
a concrete pavement. The fact that a concrete base is not subjected 
to wear, and the desirability of reducing the expansion and contraction 
of the concrete, are, in the opinion of the author, sufficient reasons for 
using somewhat weaker concrete mixtures in base courses than in 
pavements in locations where unsuitable subgrades are not encoun¬ 
tered. Generally, where this practice is adopted, concrete having a 
compressive strength of 2500 to 3000 lb per sq in. at 28 days is used; 
a water-cement ratio of 6.75 to 7 50 gal of water per sack of cement is 
frequently specified. 

Joints in Concrete Foundation Courses. The necessity of having 
longitudinal warping joints in concrete foundation courses at spacings 
of less than 20 ft is somewhat questionable on account of the protec¬ 
tion contributed by the wearing course, and these jf)ints are frequently 
omitted on two-lane pavements. The joint layout for street pave¬ 
ments shown in Fig. 98 could be applied to concrete foundation courses 
by spacing the longitudinal joints at distances of 20 ft, instead of 10 ft, 
from the center line. Some cities use a doweled longitudinal joint on 
the center line, but a free joint is desirable on widths of 30 ft or more. 
A free joint generally requires marginal curbs or headers to retain and 
protect the wearing course. 

The installation of expansion joints in concrete bases is more diffi¬ 
cult than in concrete pavements on account of the effect of the over- 
lying wearing course. Premoldcd bituminous joints tend to extrude 
and lift up the wearing course, which then breaks up under the action 
of traffic; poured joints do not provide sufficient support and, if too 
wide, may result in the formation of two contraction cracks when a 
bituminous wearing course is used. These conditions may be greatly 
reduced by installing expansion joints at relatively short intervals (40 
to CO ft), which reduces the necessary width of the joints, and by 
placing wooden boards, cork, and air-chamber joint fillers slightly 
below (% to % in.) the upper surface of the base. An open type of 
joint, covered with a 16-gauge metal plate and sealed with burlap and 
bituminous material, has been used in concrete bases for brick pave- 
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ments in Summit County, Ohio. Figure 115 shows a joint used by 
the Division of Highways, Illinois Department of Public Works, in 
which the adjacent sections of base are completely separated and 
have thickened ends to support loads; a rather wide, bituminous-filled 
joint is place at intervals of about 200 ft. 

Contraction joints are desirable in concrete base courses and should 
be spaced in accordance with the principles governing the spacing of 
contraction joints for concrete pavements. When expansion joints are 
closely spaced (at intervals of 40 to 60 ft), contraction joints are 
spaced half way between expansion joints. 

Cross-Sections of Concrete Base Courses. The thickness of con¬ 
crete base courses may be determined by the methods described in 
Chapter XI, but this design procedure has not been widely followed 
up to the present time. Uniform thickness of concrete base courses 
has b(‘en typical of cross-sections of municipal street pavements. Sev¬ 
eral typical sections of concrete base courses are shown in Fig. 116. 

Construction of Concrete Base Courses. The construction of con¬ 
crete base courses follows essentially the same procedure as that for 
concrete pavements. Heavy steel side forms are required, and ma¬ 
chine finishing is desirable. Marginal and othei integral curbs are 
constructed, as for concrete pavements, by having supplementary 
forms and placing the concrete immediately after the finishing of the 
base concrete. 

Surface Finish. Concrete base courses for block types of wearing 
surfaces have a smooth surface finish. A slightly roughened surface 
is frequently used in connection with bituminous wearing courses, and 
may be obtained by brooming the surface of the concrete, after setting 
has begun, by means of a coarse-fiber or steel broom operated trans¬ 
versely across the base course. 
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CHAPTER XIII 


SHEET ASPHALT AND ASPHALTIC CONCRETE 
PAVEMENTS 

Sheet ashalt is a mixture of sand, fine mineral matter (called 
mineral fill^*), and asphalt cement. Asphaltic concrete consists of a 
mixture of fine aggregate, coarse aggregate, and asphalt cement. The 
fine aggregate consists of sand or a mixture of sand and mineral filler. 
The coarse aggregate usually consists of crushed stone or crushed slag, 
but both crushed and uncrushcd gravel are sometimes used The No. 
10 sieve marks the dividing line between the fine and coarse aggre- 
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gates. Most sheet asphalt and asphaltic concrete mixtures are mixed 
hot, but some mixtures may be laid cold. 

Foundations and Cross-Sections. Sheet asphalt and asphaltic con¬ 
crete pavements are placed on concrete, waterbound macadam, bitu¬ 
minous macadam, and asphaltic concrete foundations or base courses. 
Less frequently they have been constructed on gravel, traffic-bound 
macadam, and dry-rolled broken-stone base courses. Reconstructed 
pavements of many types (including block pavements) are often used 
as base courses for new sheet asphalt or asphaltic concrete wearing 
courses. Prime coats or tack coats are extensively used on base courses 
of waterbound macadam, gravel, and old bituminous pavements prior 
to the construction of the wearing course. 

Binder courses are intermediate layers of asphaltic concrete which 
are placed on concrete base courses to provide a satisfactory bond 
between the base course and the bituminous wearing course. They are 
almost always used below a sheet asphalt wearing course and occa- 
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sionally below fine-graded asphaltic concrete wearing courses. They 
are unnecessary on flexible base courses, or on concrete base courses 
wht'n a course-graded asphaltic concrete wearing course is constructed. 
'^l"li(*y generally are 1 in. in thickness. 

Typical cross-sections of sheet asphalt and asphaltic concrete pave¬ 
ments on concrete bases arc shown in Fig. 116. A typical cross-section 
of an asphaltic concrete pavement on an asphaltic concrete or “black” 
base is shown in Fig. 117. The principles governing the structural 
design of flexible pavements described in Chapter VII may be ap¬ 
plied to the determination of the thickness of asphaltic concrete and 
sheet asphalt on flexible types of foundation courses. The thicknesses 
so determined apply to the total thickness of the foundation course, 
or courses, and the wearing course. 


SHEET ASPHALT MIXTURES 

Mechanics of Sheet Asphalt Mixtures. Sheet asphalt must possess 
stability to resist deformation when used as a wearing course in a 
pavement, and this stability is the result of two conditions: first, the 
ability of the asphalt cement to bind together the particles of mineral 
aggregate within the range of temperatures which will normally be en¬ 
countered in the pavement; and second, the amount of frictional re¬ 
sistance which may be developed between tlie particles of the mineral 
aggregate. Some engineers believe that, with a sharp sand, interlock¬ 
ing of the particles occurs to some extent to give additional stability 
to the sheet asphalt mixture. 

The binding power of the asphalt cement is controlled by selecting 
a grade of material of the proper consistency. The frictional resist¬ 
ance between the mineral particles depends upon (1) the total vol¬ 
ume and size of the void spaces in the mineral aggregate in the condi¬ 
tion obtained after compaction of the pavement mixture; (2) the 
relation between the bitumen content of the mixture and the volume 
of void spaces in the mineral aggregate; (3) the thickness of the film 
of bitumen on the particles of mineral aggregate; (4) the shape and 
nature of the surface of the particles of mineral aggregate; and (5) 
the degree of compaction of the mixture in the pavement. 

If a sand, or any mineral aggregate, were composed of spherical 
particles all of the same diameter, and these particles were arranged in 
the most compact manner possible, the volume of voids would equal 
26 per cent of the total volume occupied by the particles. If the size or 
the diameter of these particles were decreased, the volume of voids 
would remain the same, but the size of each individual void space 
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would be reduced. At the same time, the number of points of contact 
between particles in a given volume would be increased. If we should 
now place smaller spherical particles so that they just touched the 
larger particles, both the volume and the size of the void spaces would 
be further reduced and the number of points of contact would again be 
increased. The desirable limits of void content and void size are ob¬ 
tained by selecting sands composed of relatively small grains and 
combining with them very finely divided rock dust in suitable propor¬ 
tions. The limit to which this selection and combination can be 
carried out will depend upon the degree of stability necessary and upon 
the ^Workability’’ of the mixture. 

It was the early belief that the amount of bitumen necessary in a 
sheet asphalt mixture depended upon the total surface area of the 
grains to be covered with a film of the bitumen. The surface area of 
the aggregate probably affects the amount of bitumen to some extent, 
but it has been conclusively shown that the void content of the aggre¬ 
gate and the workability of the mixture are the controlling factors. If 
we accept the theory that the stability of sheet asphalt mixtures de¬ 
pends to a large extent upon the frictional resistance of the mineral 
grains against each other, it lollows that the bitumen content should 
be equal to or slightly less than the void content of the aggregate after 
compaction of the mixture has taken i)lace. An excess of bitumen will 
decrease or eliminate frictional resistance between the aggregate par¬ 
ticles and will place dependence for stability on the cementing, or bind¬ 
ing, value of the bitumen. On the other hand, a great deficiency in the 
amount of bitumen may cause raveling, cracking, and disintegration 
of the pavement. It seems desirable to use as much bitumen as pos¬ 
sible just so long as the voids are not overfilled and the bitumen does 
not “flush” or exude on the surface during compression, and the mix¬ 
ture can be spread, raked, and rolled satisfactorily, or, in other words, 
is workable. 

The thickness of the film of bitumen on the particles of mineral 
aggregate in a sheet asphalt mixture is dependent upon the tempera¬ 
tures of the mineral aggregate and the asphalt cement at the time of 
mixing. The mixing temperatures arc limited by mechanical condi¬ 
tions and under average circumstances vary from 225° to 375° F. No 
attempt is made to increase or decrease materially the film of bitumen 
from the condition obtained with these temperatures, as the work¬ 
ability of the mixture determines the mixing temperature, and the 
resulting film thickness will, under normal circumstances, be satisfac¬ 
tory. 
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Mineral particles that are round or spherical produce points of 
contact, whereas irregularly shaped particles tend to produce planes of 
contact, thereby increasing the amount of friction between the grains. 
The particles should preferably have rough or pitted surfaces in order 
to develop high resistance to displacement. This condition is also 
desirable for the reason that bitumen adheres better to rough than to 
smooth surfaces. 

The stability of sheet asphalt pavements necessarily is dependent 
upon the degree of compaction secured during construction, and the 
greatest care in the selection and proportioning of the materials will 
not compensate for lack of thorough compression. 

Mineral Aggregate. The mineral aggregate for sheet asphalt mix¬ 
tures consists of a mixture of sand, which furnishes the coarser par¬ 
ticles, and rock dust, generally called mineral filler, which furnishes 
the finer particles. 

Sand. The sand should be hard, sound, and clean, and, as has 
previously been explained, the grains should preferably be irregular in 
shape and have rough surfaces. The sand used in the early sheet 
asphalt pavements varied greatly in mesh composition. The first at¬ 
tempt to establish limits for mesh composition was made by Clifford 
Richardson, who, as the result of extensive studies and investigations 
of sheet asphalt pavements, recommended the following sand gradings 
for light and heavy traffic. 


Passing 
] 0-mesh sieve 
20-mesh sieve 
30-mesh sieve 
40-mesh sieve 
50-mesh sieve 
80-mesh sieve 
100-mesh sieve 
200-me8h sieve 


Retained on 
20-mesh sieve. 
30-mesh sieve. 
40-mesh sieve. 
50-mesh sieve. 
80-mesh sieve. 
100-mesh sieve. 
200-mesh sieve. 


Per Cent 


Light 1 3 

Heavy Traffic 

7 


61 


10 


sl 

[23 

]3| 


10 


15 

^48 

13| 

[43 

\ 

331 

30| 

11 


17 


11 

22 

17 


oi 


oj 



Pavements constructed with sands having these mesh compositions 
were uniformly successful, and these sand gradings were widely 
adopted and generally became known as “standard^^ gradings. Ex¬ 
tensive investigations and the construction of many pavements have 
demonstrated the fact, however, that many sand gradings may be 
successfully used. The presence of a considerable quantity of grains 
that will pass the 10-mesh sieve and be retained on the 40-mesh sieve 
is desirable; these grains appear to add supporting power to the pave¬ 
ment, and they seem to have a marked influence on the workability of 
the mixture. The grains between SO-mesh and 200-mesh in size have a 
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great influence on the size of the voids, and most authorities believe 
that sands should contain at least 16 to 20 per cent of this size. The 
grains below 200-mesh in size are not of value; their presence in con¬ 
siderable quantities tends to produce a “mushy"’ mixture. 

The following specification for sand is recommended by the Asphalt 
Institute: 


Passing 

Retained on 

Per (^ent 


10-mesh . 

. ... 0 to 2 


10-mesh. 

. 20-mesh. 

. 3 to 15 

1 

20-mesh. 

. 30-mcsh. 

. 4 to 15 j 

j 14 to 50 

30-mesh. 


. 5 to 25 J 


40-mesh. 

. 50-mesh. 

. 5to30| 

130 to 60 

50-mesh . 

. 80-mesh . 

5 to 401 

80-mesh . 

. 100-mesh . 

.... 0 to 25 

116 to 40 

100-mcsh . 

. 200-mesh . 

. . . . 0 to 25 ] 

200-mesh . 


. Oto 5 



This specification places a limit u])()n the sizes of the sand grains 
as defined by eight sieves. It also divides the mesh composition into 
three main groups: 10- to 40-mesh, 40- to 80-mesh, and 80- to 200- 
mesh, which may be considered as coarse, intermediate, and fine grains, 
and places limits on the groups as well as upon the individual sizes. 
The percentages above lO-mesh and below 200-mesh are necessary 
as “tolerance” limits. Tt is oj)cn to question whether the limitations 
upon the individual sizes are necessary, and many engineers plac(‘ 
limitations on the three groups only. 

Combination of Two or More Sands. The specification limits 
which previously have been given seem to jiermit a wide range of 
gradings; as a matter of fact, it is seldom that a single sand having a 
satisfactory mesh composition can be found, and two or more sands 
must be mixed together. The practice of mixing more than two sands 
is objectionable because of the difficulty of obtaining a uniform mix¬ 
ture and should be discouraged whenever possible. The proportions of 
two or more sands may be obtained by trial calculations or by graphi¬ 
cal methods.^ Table 27 shows the mesh composition of two sands and 
of a satisfactory combination. 

Mineral Filler. Mineral filler, or mineral dust, is used to fill the 
small voids in the sheet asphalt mixture and thereby produce a mix¬ 
ture which is sufficiently tough and stable to withstand the action of 
traffic and to prevent the intrusion of moisture. Portland cement was 
first largely used for this purpose and is an excellent filler in every 

’ A Rraplural mrtliod of dofonnininR the proportions of .sands is described in 
Circular 15, The Asplialt Institute. 
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respect, but for reasons of economy it has largely been superseded by 
limestone dust. Hydrated lime also is a satisfactory mineral filler 
but is more costly than limestone dust. The size of the particles of 



Mineral filler in total aggregate, per cent, by weight 


Fig. 118. Effect of percentage of mineral filler on the void content of compacted 
mixtures of mineral filler and sand. (Skidmore.) 

mineral filler is very important; all the material should pass through 
a No. 30 sieve, and at least 75 per cent should pass through a No. 200 
sieve. 

TABLE 27 


Combination of Two Sands to Give Satisfactory Grading 
FOR Sheet Asphalt 




Sand A, 

Per Cent 

Sand B, 

Per Cent 

Combined Sand: 
2 Parts Sand A, 

1 Part Sand B, 
Per Cent 

Retained 

10-mesh. 

2 


1 


Retained 

20-mesh. 

9 

1 

6 

36 

Retained 

30-mesh. 

21 

1 

14! 

Retained 

40-mesh. 

21 

1 

15 J 


Retained 

50-mesh. 

25 

2 

18) 

[34 

Retained 

SO-mesh. 

18 

13 

16l 

Retained 

100-mesh. 

3 

19 

8l 

[28 

Retained 200-mesh. 

1 

58 

201 

Passing 

200-mesh. 

0 

100 

5 

100 

1 

2 

100 



Asphalt Cement. The use of too soft an asphalt will cause a sheet 
asphalt pavement to rut and shove, while a material that is too hard 
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will become brittle in cold weather and cause cracking of the pave¬ 
ment. The kneading action of traffic has an important influence in 
keeping a sheet asphalt pavement in good condition, and the softer 
grades of asphalt cement are used for light and moderate traific. 
The grades of asphalt recommended for various traffic and climatic 
conditions are shown in Table 28. 

TABLE 28 

Penetration Limits of Asphalt for Use in Sheet Asphalt Pavements 


Traffic 

Temperatures 

Low 

Moderate 

High 

Light. 

50-60 

50-60 

40-50 

Moderate. 

50-60 

50-60 

40-50 

Heavy. 

40-50 

40-50 

30-40 


Determination of the Density and Void Content of Sheet Asphalt 
Mixtures. The density (or specific gravity in cgs units) of a com¬ 
pacted sheet asphalt mixture may be determined by weighing a 
sample of it in air and in water and applying the formula 


Wg 

Wa - 


(53) 


in which Wa is the weight of the sample in air, Ww the weight of the 
sample in water, and d the density of the compacted mixture. 

The “theoretical maximum density'" of a compacted mixture of 
mineral aggregate and bituminous material is obtained when the 
quantity of bituminous material is just sufficient to fill the voids in 
the compacted mixture; when the specific gravity and proportion of 
each ingredient are known, it may be calculated by means of the for¬ 
mula 


Wi W2 , 

(h ^ G2 Gn 


(54) 


in which D is the theoretical maximum density of the compacted mix¬ 
ture; and Wif W 2 f etc., the percentages by weight, and Gi, G 2 , etc., the 
specific gravities of each ingredient. It should be borne in mind that 
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this conception refers to a voidless mass. If a mixture, as actuaUy com¬ 
pacted, contains voids, the percentage of voids may be calculated from 
the formula 

(55) 

in which V is the percentage of voids, and D and d have the same 
significance as in formulas 53 and 54. 

Proportioning Sheet Asphalt Mixtures. Clifford Richardson rec¬ 
ommended that for heavy traffic the sand should conform to the 
grading previously described and that sufficient mineral filler should 
be incorporated to obtain 13 per cent of mineral aggregate below 
200-mesh in size in the mixture of sand, mineral filler, and asphalt 
He found that normally such a mixture would contain 10.5 per cent 
of asphalt cement. For light traffic, less mineral filler was recom¬ 
mended. From the previous discussion of the mechanics of sheet as¬ 
phalt mixtures, it is obvious that, by varying the proportion of min¬ 
eral filler in the mixture, the void content of a sheet asphalt may be 
varied. Figure 118 illustrates the effect of various percentages of 
filler on the void content of a compacted mixture ol sand and mineral 
filler. It will be observed that the sand, itself, contained 32 per cent 
of voids, and that the void content of mixtures of sand and mineral 
filler decreased, as the proportion of mineral filler was increased, to 
a minimum void content of 18 per cent with 63 per cent of sand and 
37 per cent of filler, and that additions of mineral filler beyond 37 per 
cent caused the void content to increase. Actually, a sheet asphalt 
mixture made with 63 per cent sand and 37 per cent of filler would 
tend to be unworkable at normal mixing temperatures, and the filler 
contents of sheet asphalt mixtures in practice are much less than 
37 per cent. The amount of mineral filler (fine material below 200- 
mesh in size) required for heavy traffic will vary from about 12 to 20 
per cent. Filler contents of more than 20 per cent have been success¬ 
fully used, but they are suitable only for extreme traffic and high 
air temperatures. The beginner may have some difficulty in develop¬ 
ing an accurate conception of the action of sheet asphalt mixtures 
under traffic, and it is important that he understand the dual nature 
of this action. In a paper entitled “Theory and Practice of Asphalt 
Paving Mixtures” before the American Society for Municipal Im¬ 
provements in 1926, A. W. Dow called attention to the fact that “high 
stability is not the dominant factor but rather a blending of stability 
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and pliability/^ Prevost Hubbard has stated the correct principles of 
proportioning as follows. 

1. The inherent stability of a compressed mineral aggregate in¬ 
creases as its density approaches that of a solid, or as its 
percentage of voids is decreased. 

2. Mineral filler is an effective stabilizing agent from the stand¬ 
point of reducing voids in the total mineral aggregate and 
increasing internal frictional resistance because of its rela¬ 
tively large surface area per unit volume. 

3. Most mineral fillers in themselves contain a high percentage 
of voids. Their effectiveness in reducing voids in the total 
mineral aggregate therefore is limited and their use in excess 
may defeat the purpose for which they are incorporated in 
the mixture. 

4. Percentage of voids in the compressed mineral aggregate is 
in no way related to percentage of voids in the total mixture 
as the latter is largely a function of the amount of asphalt 
used. 

5. The amount of asphalt which may be used safely is limited 
by the percentage of voids in the comj)ressed mineral aggre¬ 
gate. Any excess of asphalt which would tend to overfill 
the voids wHl greatly decrease stability of the mixture. 

6. Assuming a satisfactory degree of stability to exist, the more 
asphalt present the greater will be the durability of the 
mixture. As the amount of asphalt is limited by percentage 
of voids in the comj)ressed mineral aggregate, it therefore 
follows that, when the desired degree of stability can be 
obtained with a relatively high void aggregate, greater dura¬ 
bility is assured than with an exce})tionally low void aggre- 
gate. 

7. High stability is undesirable if obtained at the expense of 
durability, and great durability of the mixture is of little 
value if the necessary degree of stability is lacking. In 
designing, therefore, it is often necessary to strike a balance 
which will insure that the mixture possesses both character¬ 
istics, to a reasonable extent. 

Hubbard refers to durability of bituminous mixtures as the ability to 
resist cracking and disintegration caused by weathering and water 
absorption. In general, sheet asphalt mixtures should contain not less 
than 9 per cent of asphalt, and it is desirable to employ proportions 
which will provide for 10 per cent, or more, of asphalt. 

An experienced engineer or technician generally is able to propor¬ 
tion sheet asphalt mixtures by trial under job conditions, but pre¬ 
liminary tests on small batches are useful as a guide to proportioning 
on the job. The trial mixtures may be tested for <lensity and sta¬ 
bility. 
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The stability of compacted bituminous paving mixtures may be 
defined as their ability to resist lateral flow under loads, and it de¬ 
pends very largely on their shearing strength. A number of stability 
tests have been devised, but only one, the Hubbard-Field test, has 
been widely employed. In this test a cylindrical specimen of the 
compacted bituminous mixture (either molded in a laboratory or cut 
from a pavement), after heating to 140° F, is placed in a cylindrical 
mold which is just large enough to receive the specimen and which is 
provided with a sharp-edged internal ring on which the specimen rests. 
The mold used for fine-graded bituminous mixtures is 2 in., and that 
for coarse-graded mixtures is 6 in. in diameter. The mold is fitted 
with a plunger which rests on top of the specimen. The mold con¬ 
taining the specimen and the plunger is placed in a testing machine, 
and a gradually increasing load is applied to the plunger, forcing the 
mixture through the orifice formed by the circular ring. The maximum 
load, in pounds, is taken as a measure of the stability of the mixture, 
and a minimum load of 2000 lb is usually considered desirable for 
sheet asphalt and asphaltic concrete mixtures for heavy-traffic condi¬ 
tions; a minimum load of 1200 lb may be used as a criterion for these 
mixtures for light-traffic conditions The test is conducted at 140° F 
because this temperature is about the maximum which prevails in 
pavements. 

With a given sand and a given filler, small batclies of sheet asphalt 
are prepared by hand mixing and compressed in a cylindrical forming 
mold under a pressure of 3000 lb per sq in. The specific gravity of 
each is determined by test, and the percentage of voids in each mixture 
is calculated. The void calculations and the appearance of the mix¬ 
tures will indicate whether the asphalt content is sufficient. Mix¬ 
tures with insufficient asphalt will ap])ear dry and will show a void 
content greater than 3 to 5 per cent. Mixtures containing an excessive 
proportion of asphalt will appear ^Taf or “rich” and will tend to exude 
asphalt when compressed. It may be desirable to start out with mix¬ 
tures containing three proportions of filler to sand, say 12, 15, and 18 
per cent, by weight. Three percentages of asphalt may be mixed with 
each of these filler-sand mixtures, say 11, 10, and 9. Some of the 
mixtures will be discarded on the basis of appearance alone, and it 
may be desirable to prepare others. The compressed mixtures are 
tested for stability and that mixture selected for beginning the work 
which has the required stability and minimum void content and dem¬ 
onstrates good workability. 
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ASPHALTIC CONCRETE MIXTURES 

Asphaltic concrete mixtures may be grouped into three classes with 
reference to the size of the mineral aggregate, as follows: 

I. Coarse-graded asphaltic concrete, in which the mineral 
aggregate consists of a mixture of coarse and fine aggre¬ 
gates with more coarse than fine. These mixtures are used 
for base, binder, and surface courses. Mineral filler is 
used in surface courses but is usually omitted in base and 
binder courses. 

II. Fine-graded asphaltic concrete, also called stone-filled 
sheet asphalt, containing more fine than coarse aggregate. 
These mixtures are used only in surface courses. 

III. One-size-stone asphaltic concrete, in which the mineral 
aggregate is composed entirely, or almost entirely, of coarse 
aggregate and asphalt cement. These mixtures are now 
uncommon but were once quite widely used. 

Theory of Asphaltic Concrete Mixtures. The stability of an 
asphaltic concrete mixture depends principally upon three factors: (1) 
the mechanical interlocking of the coarse aggregate particles; (2) the 
frictional resistance 'between the particles of the total mineral aggre¬ 
gate; and (3) the ability of the asphalt to cement or bind the particles 
of mineral aggregate together. 

The coarse aggregate of a coarse-graded or a one-size-stone asphal¬ 
tic concrete mixture usually consists of crushed stone (crushed gravel 
is included in this designation) or a crushed slag. The particles of 
crushed stone or slag are angular and irregular in shape and possess 
the ability to lock themselves together when compressed with a roller. 
This condition is similar to that obtained in a plain waterbound mac¬ 
adam pavement. The particles of stone are locked or ^'keyed^^ to¬ 
gether and thus give stability to the pavement. With such coarse 
aggregates the dependence for stability on frictional resistance between 
particles, and on the cementing ability of the asphalt cement, is not 
so great as in sheet asphalt, provided that the voids in the coarse ag¬ 
gregate are not overfilled so as to prevent the particles from interlock¬ 
ing. 

Fine-graded mixtures, in which the finer particles of mineral aggre¬ 
gate predominate, or coarse-graded mixtures, with gravel as the coarse 
aggregate, depend for stability almost entirely on the frictional resist¬ 
ance between the aggregate particles and the cementing power of the 
bitumen. In this respect they are similar to sheet asphalt mixtures. 

Mineral Aggregates. The Deval abrasion test is widely used as a 
basis for controlling the quality of crushed stone, a maximum percent- 
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age of wear of 8 and 6 being widely specified for base (and binder) 
and surface courses, respectively. Crushed slag is generally required 
to have a weight of 70 lb per cu ft. Recommended gradings of coarse 
aggregates for various asphaltic concrete mixtures are shown in Table 
29. 

The size and grading of sand for fine-graded asphaltic concrete 
should conform to the requirements outlined for sheet asphalt mixtures 
because of the dependence placed on frictional resistance of the aggre¬ 
gate to obtain the desired stability. The sand for coarse-graded as¬ 
phaltic concrete need not be so closely restricted, and the following 
size and grading are recommended: 


Passing Sieve Retained on Sieve Per Cent 

No. 4 .:.No. 10 0-20 

No. 10 . No. 40.15-50 

No. 40 . No. 80 22-65 

No. 80. No. 200 .... . 7-40 

No. 200 . 0-8 


Mineral filler should have the fineness described for sheet asphalt. 
Asphalt Cement. The asphalt cement used in fine-graded asphaltic 

TABLE 29 

Gradings of Coarse Aggregates for Asphaltic Concrete Mixtures 


Sieve 

Per Cent Passing Sieve 

Seal 

Coat 

Coarse-Graded 

Asphaltic Concrete 

Fine- 

Graded 

Asphaltic 

Concrete 

Surface 

Course 

One-Size 

Stone 

Asphaltic 

Concrete 

Surface 

Course 

Base Course 

Binder and 
Surface 
Courses 

214-in. 

100 






2 -in. 

95-100 






13 ^-in. 


100 

100 


100 


1 -in. 

35- 70 

90-100 

90-100 


90-100 


Ji-in. 




100 



^in. 

10- 30 

25- 60 

35- 60 

90-100 

35- 60 

100 

No. 4. 

0- 5 

0 - 10 

0 - 10 

0- 15 

0 - 10 

0 - 16 

No. 8. 




0- 5 


0 - 6 


concrete mixtures should have the same characteristics as that used 
for sheet asphalt mixtures. A softer asphalt cement may be used in 
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coarse-graded asphaltic concrete mixtures; the following grades are 
recommended for surface courses: 

Light to 

Moderatk Traffic Heavy Traffic 

Northern tJnited States. 60-70 50-60 

Southern United States . 50-60 40-50 

A softer asphalt cement may be used in binder and base courses 
than in surface courses, but it is somewhat inconvenient except on 
large projects and the same material is generally used for both the 
base course, or binder course, and the surface course. 

A rather soft asphalt cement is used for one-size-stone asphaltic 
concrete. Penetration grades of 85 to 100 and 60 to 70 are satisfactory 
for the northern and southern United States, respectively. 

Composition of Asphaltic Concrete Mixtures. The usual composi¬ 
tion of asphaltic concrete mixtures is described in Table 30; the pro¬ 
portions shown may have to be varied to obtain satisfactory worka¬ 
bility or density. 

TABLE 30 

Composition of Asphaltic Concrete Mixtures 


Type of Mixture 

Per Cent by Weight 

Coarse 

Aggregate 

Fine 

Aggregate 

Mineral 

Filler 

Asphalt 

Cement 

Coarse-graded, base course. 

55-75 

20-35 

None 

4r-7 

Coarse-graded, binder course.... 

60-70 

25-35 

None 

4-6 

Coarse-graded, surface course. 

45-60 

25-45 

4- 6 

5-8 

Fine-graded, surface course. 

20-35 

45-60 

6-12 

7-9.5 

One-size stone. 

93-05 

None 

None 

5-7 


COMPARISON OF TYPES OF WEARING COURSES 

Sheet asphalt and fine-graded asphaltic concrete wearing courses 
are composed of fine-grained mixtures. They have the advantage that 
they may be constructed to a smoother and more uniform surface con- 
tom than coarse-graded asphaltic concrete wearing courses and the 
disadvantage of being more slippery in wet and icy weather than 
coarse-graded asphaltic concrete surfaces. This slipperiness may be * 
decreased to a large extent by rolling small-size (%- to %-in.) stone 
(which usually is coated with asphalt cement) into the surface of 
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the pavement while it is still hot and before it is fully compacted. 
The necessity of using a binder course makes sheet asphalt pavements 
more costly than other types, and the asphaltic concrete wearing 
courses, therefore, often take the place of sheet asphalt 

PREPARATION OF ASPHALTIC PAVING MIXTURES 

Unloading and Storage of Materials. Mineral aggregates which 
are shipped by rail are usually unloaded by means of bucket cranes 
and stored in piles. 

Asphalt is shipped in tank cars and is usually heated and pumped 
direct into storage tanks. Sometimes, however, it is pumped directly 



Fig. 119. Diagram of asphall paving plant. 


from cars into the heating kettles. This practice is open to the ob¬ 
jection that railroad shipments are subject to delays and that excessive 
demurrage may result from delays due to weather and other condi¬ 
tions. 

Paving Plants. There are three types of plants for preparing 
asphaltic paving mixtures: the stationary plant, which is suitable only 
in large cities where it can be kept in operation for long periods of 
time; the railroad plant, whicli may be moved from one city to an¬ 
other; and the portable plant, which was designed primarily for rural 
highway construction but is used to a large extent in small cities. 
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The various parts of a paving plant are shown in Fig. 119, 
including: 

1. The cold-aggregate elevator. 

2. The drier. 

3. The hot-aggregate elevator. 

4. A screening plant. 

5. Storage bins for the hot aggregates. 

6. Measuring hopper for weighing the aggregates. 

7. Asphalt-heating kettles. 

8. Asphalt-weighing bucket. 

9. The mixer. 

Some paving contractors prefer to eliminate the asphalt-heating 
kettles and transfer the asphalt directly from storage tanks to the as¬ 
phalt bucket. A superheater is necessary in connection with the stor¬ 
age tanks in order to bring the asphalt to the proper mixing tempera¬ 
ture. 

The cold aggregates are fed in proper proportions to the cold-ag¬ 
gregate elevator which transfers them to the drier, consisting of a 
slightly inclined rotary steel cylinder so arranged that the hot gases 
from an oil burner dry and heat the aggregates as they pass through 
the drier. The dried and heated aggregates are discharged onto the 
hot-aggregate elevator which conveys them to an overhead screen. 
The separated aggregates are stored in the hot storage bins from which 
they are discharged into the in(*asuring bin, located directly over the 
mixer. The asphalt is measured in a separate bucket so suspended 
that it may be readily discharged into the mixer in a thin sheet. 
The mineral filler generally is not heated by passing it through a 
drier because a large proportion of it would be removed by the draft. 
The mineral filler is weighed separately and generally discharged 
into the mixer immediately after the hot aggregate or aggregates and 
is heated in contact with the latter during mixing; after a uniform 
mixture has been attained the asphalt cement is added to the batch. 

Pug Mixers. The pug mixer is most widely used for mixing asphal¬ 
tic concrete and sheet asphalt mixtures; it consists of a steel box 
equipped with two horizontal shafts on which blades are mounted. 
The blades are so set that they throw the material toward the center 
of the mixer. The mixed material is discharged through an open¬ 
ing at the bottom of the mixer. The capacity of pug mixers varies 
from 1000 to 3000 lb per batch. 

Rotary Mixers. A rotary mixer, in which the asphalt is incorpo¬ 
rated with the aggregates under pressure, is also used. The mixer con¬ 
sists of a cylindrical steel drum provided with a tight-fitting cover 
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and having shelves on the inside, similar to a concrete mixer. The 
asphalt is introduced into the mixer through a hollow steel shaft and 
is sprayed over the aggregate. The mixture is kept under air pres¬ 
sure usually at about 50 to 60 lb per sq in. Owing to the time required 
to fill and discharge the mixer, a large unit is necessary in order to 
obtain a large enough output to be economical. Railroad plants ordi¬ 
narily have a capacity of 6000 lb, and stationary plants of much 
larger capacity have been built. 

Temperature Control. The control of temperature is a very im¬ 
portant feature of paving-plant operation. Asphalt kettles and stor- 
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Fig 120 Intenoi of pug mixer showing arrangement of the mixer blades 

age tanks should be equipped with stationary thermometers. A reg¬ 
istering pyrometer is usually attached to the lower end of the hot 
aggregate elevator so that the hot aggregates fall over the pyrometer 
bulb as they are discharged from the drier. The drum fireman may 
then regulate the heat and the feed of the cold aggregates so as to 
obtain proper working temperatures, which will vary, with average 
materials, from 250° to 375° F. 

Effect of Overheating. The carefql control of temperature limits, 
particularly of the higher limit, is necessary if injury to the asphalt is 
to be avoided. A very high temperature may cause burning or char¬ 
ring of the asphalt, rendering it useless as a cementing medium. Con¬ 
siderable damage, however, is possible at temperatures much below 
those at which actual burning or coking takes place. The operation of 
mixing hot mineral aggregate with hot asphalt causes changes in the 
physical properties of the asphalt. These changes are as follows: 
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1. Tlic penetration of the asphalt is decreased, showing that 
hardening takes place. 

2. The softening point of the asphalt is increased. 

3. The ductility is decreased. 

The extent of these changes is affected by the mixing temperature, 
and damage which is not readily apparent and which may shorten the 
life of a pavement thus may be caused if temperatures are not con¬ 
trolled carefully. 

CONSTRUCTION OF BASE AND WEARING COURSES 

Hauling Equipment. Trucks equipped with dump bodies are used 
for hauling hot asphaltic mixtures; when the mixtures will be subject 
to cooling, on account of long hauls or cool weather, the truck bodies 
are covered with canvas covers. 



Courtesy of Blaw-Knox Co. 

Fig. 121. Steel side form used for constructing bituminous pavements on flexible 

foundations. 


Base courses or sub-bases should be clean and free from surface 
moisture when the hot asphaltic mixtures are placed. 

Placing Mixtures. Asphaltic paving mixtures formerly were shov¬ 
eled into place and spread by hand. Mechanical spreading machines, 
similar in design to the finishing machines for concrete pavements, 
are now used extensively for spreading asphaltic mixtures. These ma- 
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chines travel on side forms or on their own wheels or rollers. Some 
spreading machines are equipped with hoppers into which the mixtures 
are deposited from the trucks; others are operated in connection with 
separate box-type spreaders. 

When mixtures are spread by hand, they are usually deposited on 
the foundation outside of the area to be covered with a single load, or 





Courtesy of Blaw-Knox Co. 

Fig. 122. Spreading asphaltic concrete with a mechanical spreader. 

on dumping platforms, and are shoveled into place with hot shovels 
and spread with hot rakes. 

Base mixtures generally should be spread to thicknesses of not more 
than 4 in., loose, and if greater total thicknesses are to be placed, the 
material should be spread in two layers of approximately equal thick¬ 
ness. 

Compacting Mixtures. Asphalt paving mixtures are compacted by 
means of heavy rollers, the usual weight being 10 tons. Both tandem 
and three-wheel rollers are used, the latter generally being preferred 
for initial rolling and the former for final rolling. Rolling always 
begins at the sides of the asphaltic course, and the initial rolling is 
in a longitudinal direction, the roller gradually progressing to the 
center of the course. The final rolling is performed in two diagonal 
directions, the second rolling crossing the lines of the first. Wide pave¬ 
ments are frequently given a final rolling at right angles to the center 
line. 
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The speed of rolling has an important influence on the density and 
smoothness of the base or wearing course. Generally, the speed of 
rollers should never exceed 3 mi per hr, and the rate of continuous 
rolling should be restricted to 300 sq yd per hr for binder courses, 200 
sq yd per hr for base courses, and 150 sq yd per hr for surface courses. 

Surface courses are checked for smoothness by means of straight¬ 
edges, and defective areas are corrected by raking, removing or adding 
material, and rerolling. 

Joints between cold and freshly laid sections of pavement are usu¬ 
ally formed by cutting back the end of the previous work so as to ex¬ 
pose a granular surface to which the new material may be bonded. 

In order to prevent the entrance of water, it is desirable to paint 
the upper edges of all contact surfaces, such as curbs, gutters, and 
manholes, with hot asphalt cement or asphalt cement dissolved in 
naphtha. 

Seal Coats. Seal coats are desirable on asphaltic concrete pave¬ 
ments of the coarse-graded aggregate type. An application of asphalt 
cement of to gal per sq yd is made, and this is covered with 
mineral aggregate. The asphalt cement is applied with a pressure dis¬ 
tributor, a hand-spray, or a squeegee buggy. 

Sheet asphalt and fine-graded asphaltic concrete surfaces some¬ 
times are given a coating of small stone which has been precoated 
with asphalt cement (2 to 3 per cent, by weight of the stone); the 
stone is distributed on the pavement, while it is still hot and before 
final compaction, at the rate of 8 to 12 lb per sq yd, and is immedi¬ 
ately rolled into the surface. 

Pavements of sheet asphalt and fine-graded asphaltic concrete are 
given a light coating of mineral filler which is brushed out thin with 
a fine-haired push broom. This application, which is made prior to 
final rolling, seals the small surface voids against moisture and, in 
addition, tends to cause the pavement to assume a uniform color. 

Opening to Traflic. Heavy traffic, such as heavy solid-tired 
vehicles, should be kept off freshly laid asphaltic mixtures until they 
have cooled appreciably. Light pneumatic-tired traffic will not usually 
injure a well-compacted pavement. 

Inspection. Sheet asphalt and asphaltic concrete pavements in¬ 
volve both manufacturing and construction operations, and careful 
inspection of both operations is essential. Satisfactory control of 
mixtures is best obtained by installing a small laboratory at the paving 
plant, in charge of a plant inspector. The principal duties of the plant 
inspector are as follows: 
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1. Sieve tests on each shipment of each mineral aggregate and 
mineral filler. When mineral aggregates are delivered by 
truck, one sample should be tested for each 30 to 40 cu yd 
of each material received. 

2. Daily inspection of the weighing equipment for mineral 
fi-Sgregates to ascertain whether it is in proper working 
condition. 

3. Frequent checking of the tare weight of the asphalt bucket. 

4. Frequent checking of the mixing time to insure uniform 
mixtures. 

5. Record of temperatures, at frequent intervals, of heated 
mineral aggregates and asphalt, and of the paving mixtures. 

6. Several daily sieve tests of mixed sands when two or more 
sands are used. 

7. Inspection of unloading and stockpiling of coarse aggregates 
to prevent segregation. 

8. Frequent inspection of the proportioning of the mineral 
aggregates as they are fed to the drier, and of the measure¬ 
ment of mineral filler. 

9. Sampling of shipments of asphalt and forwarding of samples 
to a central testing laboratory. 

10. Record of number of loads of each mixture sent out from 
the plant during each day. 

At the beginning of a paving project, the inspector should check 
the accuracy of all weighing scales. The large scales for weighing 
mineral aggregates may be checked by weighing two or three batches 
on the scales, dropping the material through the mixer into a clean 
truck body, and weighing it on an accurate platform scale equipped 
with a suitable container. 

Registering pyrometers frequently show errors; they may be 
checked by removing the bulb from the boot of the hot elevator and 
immersing it in a pailful of hot sand along with an accurate mercury 
thermometer. The range of heating temperatures can be checked as 
the sand cools from the upper end of the range. 

Penetration tests of incoming shipments of asphalt, and of the 
residues in heating kettles at the end of each day's run, are frequently 
made in plant laboratories. When native asphalts are fluxed at the 
paving plant, penetration tests of the fluxed asphalt should always be 
made at the paving plant unless the central laboratory is located within 
a few miles of the paving plant. 

Careful inspection of the construction of the pavement also is es¬ 
sential and is in charge of a ^^street" inspector who should check the 
temperature of arriving mixtures at frequent intervals and inspect all 
the placing and compacting operations. The street inspector should 
see that the required thickness of pavement courses is obtained. 
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Tests of Paving Mixtures. Tests of paving mixtures include anal¬ 
yses to determine their composition, density tests, stability tests, and 
tests of the asphalt extracted and recovered from the mixtures. 

Composition, The accuracy of the proportioning of the ingredi¬ 
ents of sheet asphalt or asphaltic concrete may be determined by ex¬ 
tracting the bitumen from a weighed sample of the mixture and mak¬ 
ing a sieve analysis of the mineral aggregate. The bitumen is extracted 
by means of carbon disulphide or carbon tetrachloride in a centrifuge 
or centrifuge extractor; when the test is conducted at plant labora¬ 
tories it is desirable to use carbon tetrachloride as the solvent instead 
of carbon disulphide, which is explosive. Analyses of mixtures are 
usually conducted on “composite^’ samples made up from small samples 
taken from a number of batches during each day’s run. 

Density and Voids. The density test previously described in this 
chapter is valuable as a check on the effectiveness of rolling and in 
the control of the proportions and measurement of materials for 
sheet asphalt and fine-graded asphaltic concrete mixtures. It is not 
well adapted to most coarse-graded asphaltic mixtures on account of 
the ‘^open” texture of. these mixtures. The voids in compacted sheet 
asphalt and fine-graded asphaltic concrete mixtures should seldom ex¬ 
ceed 4 or 5 per cent. 

Stability Tests. Stability tests, employing the Hubbard-Field 
method previously described, often are made on cylindrical cores of 
the compacted bituminous mixtures which arc carefully cut from 
the pavement by means of a properly shaped cutting tool. 

Tests of'the Asphalt Extracted and Recovered jrotn Paving Mix- 
hires. The hardening effect of the processing operations on the as]:)halt 
cement in sheet asphalt and asphaltic concrete mixtures may be deter¬ 
mined by making tests for iienctration, softening jioint, and ductility 
on tlic asphalt cement after extraction and recovery from the paving 
mixtures. The asphalt cement is extracted by digesting the paving 
mixture in benzol, which is then removed from the asphalt by distilla¬ 
tion in the presence of carbon dioxide. 


SAND-ASPHALT PAVEMENTS 

Sand-asphalt pavements are similar, but generally infcTior, to sheet 
asphalt pavements, and were developed for sandy areas where suitable 
local surfacing materials were not available. They have been used 
most extensively in North Carolina but also have been constructed in 
Delaware, Massachusetts, Florida, Alabama, Louisiana, and other 
states. They usually are constructed in two courses on firmly com- 
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pacted subgrades, the base course being 3 to 4 in., and the top course 
2 in., in thickness. They consist of mixtures of sand and asphalt 
cement for the base course, and of sand, mineral filler, and asphalt 
cement for the wearing course, and are prepared in standard paving 
plants; the sand and asphalt are heated to temperatures of 250° to 
350° F before mixing in a pug mixer. 

Materials. Since local sands are employed in the sand-asphalt 
mixtures, the range of gradings is rather wide. Typical limitations 
on sand grading are shown in Table 31. The bitumen content varies 
from 6 to 9.5 per cent in the base-course mixture and from 9 to 
12.5 per cent in the wearing-course mixture. Sufficient mineral filler 
is used in the wearing-course mixture to provide about 7 to 12 per 
cent of mineral material passing a No. 200 sieve. 

Construction. Side forms are used, generally consisting of 2-by- 
6-in. or 3-by-6-in. dressed lumber which is securely staked at 2- to 
2%-ft intervals. These forms arc generally left in place, especially 

TABLE 31 

Typical Limitations on Grading of Sand for Sand-Asphalt Pavements 


Passing 

Retained on 

Per Cent by Weight 

Base Course 

Surface Course 

No. 10 sieve. 


96 to 100 

98 to 100 

No. 10 §ieve. 

No. 40 sieve 

14 to 60 

14 to 60 

No. 40 sieve. 

No. 80 sieve 

30 to 60 

30 to 60 

No. 80 sieve. 

No. 200 sieve 

16 to 40 

16 to 40 

No. 200 sieve. 


Oto 6 

Oto 5 


when the soil on the shoulders cannot be firmly compacted; they 
finally decay but furnish side support until the pavement consolidates 
and hardens under the action of traffc and weather. 

The mixtures are spread by hand methods or by means of spread¬ 
ing machines and are compacted by means of tandem rollers, an 8- to 
10-ton roller being generally used. For the top course, 6- to 8-ton 
rollers are sometimes used. 

A squeegee coat of 0.06 to 0.08 gal of hot asphalt cement per sq yd 
is applied to the surface of the base course to secure adhesion of the 
wearing course to the base course. 
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WARRENITE-BITtrUTHIC PAVEMENT 

The Warrenite-Bitulithic pavement is a patented pavement which 
consists of a fine surface mixture, similar to sheet asphalt, placed di¬ 
rectly on a coarse-graded asphaltic concrete mixture, after placing and 
before any rolling. The fine surface mixture thus is welded to the 
coarse mixture below, a much closer union being obtained than be¬ 
tween sheet asphalt and a binder course. 

COLD-LAID BITUMINOUS MIXTURES 

Sheet asphalt and bituminous concrete mixtures require extensive 
heating and must be placed while hot. Numerous mixtures which may 
be placed and compacted cold have been developed; they possess 
many advantages for the construction of small projects and for the 
maintenance and repair of bituminous pavements. Most of these 
mixtures may be stored in piles for periods varying from a few weeks 
to several months without deterioration and can conveniently be 
shipped by rail from commercial mixing plants. 

Amiesite Mixtures. Amiesite mixtures are prepared by mixing 
crushed stone, which has been dried, with a liquefier (consisting of 
naphtha, gasoline, or kerosene) and hot asphalt cement, hydrated 
lime being added to assist in mixing and to harden the asphalt. A 
binder course and a surface course are usually constructed, the former 
being about 1^/^ in and the latter about % in. in thickness. 

Colprovia Mixtures. Colprovia mixtures consist of mineral aggre¬ 
gate, flux oil, and powdered asphalt, and include coarse-graded and 
fine-graded asphaltic concrete, and sheet asphalt. After the mixtures 
are placed in a pavement, the flux oil and powdered asphalt are fluxed 
by rolling, by the kneading of traffic, and by the heat of the sun^s rays, 
to form asphalt cement. Surfaces of Colprovia mixtures tend to mark 
under traffic when first placed but gradually harden and become 
smoother as they grow older. 

Cut-Back Asphalt and Cut-Back Tar Mixtures. Bituminous mix¬ 
tures may be made by mixing mineral aggregates and cut-back 
asphalts or cut-back tars as described in Chapter X. Mixtures of the 
sheet asphalt type are very useful for making repairs to bituminous 
pa\ements and for small construction projects. They are frequently 
made in concrete mixers or “cold-patch^' mixers but are also prepared 
in commercial plants. 

Asphalt-Emulsion Mixtures. Emulsified asphalt is substituted 
for cut-back asphalt or cut-back tar for cold bituminous mixtures; 
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it has the advantage that the mineral aggregate does not require 
drying. 

Macasphalt Mixtures. Macasphalt mixtures are similar to Col- 
provia mixtures except that a hard asphalt takes the place of powdered 
asphalt, water is added in the mixture to retard the hardening of the 
asphalt. 

MAINTENANCE 

The maintenance of sheet asphalt, asphaltic concrete, and similar 
bituminous pavements consists of replacing defective areas which 
develop in the foundation and surface courses, leveling depressions, 
surface treatment, and resurfacing. 



Courtesy oj Killefer Mfg Corporation 
Fig 123 Killefer road disc or planer 


Replacement of defective areas of foundations and surface courses 
should correct the cause of failure and should duplicate the origi¬ 
nal construction as closely as possible. Patching of holes and other 
areas which require a joint between the existing pavement requires 
special care. The edges of the existing pavement which remains in 
place should be cut vertically, and the exposed cross-section should 
be lightly painted with rapid-curing liquid asphalt, quick-breaking 
emulsified asphalt, or hot asphalt cement to provide adhesion with 
the new material and seal the joint against the entrance of water. 
If cold-laid bituminous mixtures are used for the surface renewal, the 
new surface should be slightly higher than the existing surface after 
tamping or rolling to allow for further consolidation by traffic. 
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It is not always practicable to use hot mixtures of asphaltic con¬ 
crete or sheet asphalt for making repairs to pavements of these types, 
and the various types of cold mixtures which have been described are 
especially adaptable to this work. Depressions which do not involve 
base failures usually are corrected by patching or placing a leveling 
course over the affected area. The area to be covered is given a thin 
paint coat of cut-back asphalt or emulsified asphalt which should be 
allowed to dry until sticky before placing the new material. The 



Fig. 121. Rc‘mo\inK the upprr i)ortK)n of a rough a'^phaltic concreto surface by 
burning, jirior to i)larinK a new surface layer. 


edges of patches or leveling courses generally are “feathered out” with 
a fine-graded bituminous mixture; this method is satisfactory if care¬ 
fully performed under skilled supervision or by experienced Avorkmen. 
The foregoing procedure may be modified when the existing surface 
consists of a fine-graded bituminous mixture, such as sheet asphalt, and 
the average thickness of the patch is greater than 2 or 2^2 in. and 
less than 5 or 6 in. Coarse-graded mixtures, containing crushed stone 
as coarse aggregate in proportions of more than 50 per cent of the 
mixture, are inherently more stable than fine-graded mixtures, and 
some engineers and higliway superintendents prefer to remove the 
existing fine-graded mixture before placing the patch or leveling course. 

Bituminous surface treatments are well-adapted to old asphaltic 
concrete pavements which require attention because of wear and be¬ 
cause of drying out of tlie upper surface layer. Repair of the existing 
surface should always precede the surface treatment, and a thin tack 
coat of about U.IO gal of light cut-back asphalt ((Jrade RC-1) or 
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emulsified asphalt is almost always necessary to insure obtaining satis¬ 
factory bond between the old and the new material. 

Old asphaltic concrete and sheet asphalt pavements are frequently 
resurfaced after planing or burning the old surface. Two types of 
planers are used. One consists of hardened steel discs mounted on a 
steel frame at an angle of less than 90° with the longitudinal axis 
of the machine, the frame and discs being carried on two axles at a 
considerable distance apart. The discs shave off the pavement sur¬ 
face by a shearing action, and the depth of cut may be regulated. 
The long wheelbase is essential in order to obtain longitudinal smooth¬ 
ness. A machine of this type is shown in Fig. 123. Another machine 
consists of steel teeth set in a V-shaped frame and mounted on a 
long, heavy, four-wheeled chassis. A width of about 2 ft is shaved or 
planed as the machine is hauled along the i)avement. Surface heaters 
(see Fig. 124) consist of inverted steel pans ecpiipped with oil burners, 
mounted on trucks or trailers which are lowered t(^ the pavement to 
confine and direct the heat against the surface of the pavement. The 
upper 1 to P /2 in. of the old wearing course is heated to a temperature 
which permits it to be removed with rakes or scrapers without seri¬ 
ously injuring the material underneath. 
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CHAPTER XIV 


ROCK ASPHALT PAVEMENTS 

Rock asphalt is a fine-graded mixture of mineral aggregate and 
bitumen which may be applied either cold or heated. Wearing courses 
vary in thickness from about % iif to 2 in. and are placed on new 
base courses of gravel, limerock, traffic-bound macadam, waterbound 
macadam, bituminous macadam, asphaltic concrete, and concrete; 
they are used extensively on old wearing courses and pavements which 
are reconstructed to serve as foundations. The thinner layers are 
used on flexible bases and binder courses; when placed on concrete 
foundations without an intermediate binder course, a thickness of not 
less than 1 to in. is desirable When used on low-cost foundations 
in areas near sources of supply, they are comparable, in cost, to vari¬ 
ous low-cost bituminous surfaces. 

MATERIALS 

Kentucky Rock Asphalt. Very large deposits of sandstone rock 
asphalt are found in western central Kentucky. The bitumen content 
of the material varies, and a uniform bitumen content is obtained by 
careful selection and mixing of material from various parts of a de¬ 
posit Specifications usually provide that the rock asphalt contain 
from 6 to 8 per cent of bitumen, by weight. Material containing less 
than 6 per cent of bitumen sometimes is mixed with asphalt and is 
known as 'processed sandstone rock asphalt. Both hot- and cold- 
processed mixtures are made; the former generally are prepared in 
mixing plants on individual projects and are placed in the wearing 
course while hot; the latter are placed at air temperature and may be 
prepared at central plants and shipped by rail or truck. 

Texas Rock Asphalt. Limestone rock asphalt is found in large 
quantities in Uvalde County, Texas. It consists of a shell limestone 
impregnated with bitumen. The natural material is crushed, pulver¬ 
ized, and screened through a %-in. screen, and material from various 
portions of the deposit are mixed so that the material contains from 
9 to 12 per cent of bitumen. The material is generally placed as a 
cold mixture, and mixtures are prepared in central mixing plants and 
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shipped ready for use. Since the bitumen in Uvalde rock asphalt is 
very hard (see Chapter VI, Table 3) it is softened by incorporating a 
flux oil in the mixture. Two types of mixtures are common. One 
mixture contains to <*^**^f ^>f oil and may contain 

from 3 to 5 per cent of water to retard setting; the other contains 
the same proportion of flux oil, 20 to 35 per cent of crushed stone, and 
1 to 4 per cent of water. A flux oil having a specific gravity of 0.92 
to 0.95, at 77° F, and a loss on heating of not more than 5 per cent 
at 325° F, is used; at least 95 per cent of the crushed stone will pass a 
%-in. screen and not more than 15 per cent will pass a No. 10 sieve. 
The flux oil is heated to a temperature not higher than 180° F, and the 
rock asi)halt and crushed stone are at air temperature when mixed with 
the oil. The plain mixture generally is used within three weeks after 
mixing, but the ston(‘-filled mixture is frequently stored for longer 
periods of time. 

Alabama Rock Asphalt. Both sandstone and limestone rock 
asphalt are found in Alabama, but only the latter is j)rodiiced commer¬ 
cially. The limestone rock asphalt is a porous limestone impregnated 
with 2 to 8 per cent bitumen, averaging about 4 per cent bitumen. 
The rock asiilialt is crushed to a size having 100 per cent jiassing a 
Vo-in. sieve and from 12 to 20 per cent passing a No. 200 sieve. 
When used as a cold-laid mixture, cut-back asphalt is added in a 
sufficient proportion to raise the total content of bitumen to 7.5 per 
cent. When used as a hot mixture, coarse sand and 85 to 100 pene¬ 
tration asphalt cement are added in jiroportions of 15 to 30 per cent 
and 3 to 5 per cent, respectively, by weight, of the total mixture. 

Oklahoma Rock Asphalt. Sandstone and limestone rock asphalt 
are mined in Murray County, Oklahoma, the former containing an 
average of about 10 per cent, and the latter containing about 3 per 
cent, of bitumen. The two materials are mixed together (generally 
in the proportions of 70 per cent sandstone rock asphalt and 30 per 
cent limestone rock asphalt, by weight) and are crushed and screened 
to a maximum size of approximately Vi in. The mixture, which 
requires no fluxing material, is shipi)ed by rail or truck to the work for 
which it is intended. 

CONSTRUCTION 

Reconstructed Foundations. When old road and street wearing 
courses and pavements serve as foundations for rock asphalt wearing 
surfaces, jireparation of the base may involve widening, replacement 
of defective areas of the existing foundation, and the correction of 
surface irregularities by means of leveling courses. The last may ^on- 
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sist of asphaltic concrete, bituminous macadam, or thin surface layers 
composed of an application of bituminous material covered with 
crushed stone of suitable size. Areas to be covered with leveling 
courses are cleaned by scraping and sweeping and a thin tack coat or 
paint coat of rapid-curing liquid asphalt (Grade RC-0 or RC-1 is 
satisfactory) or quick-breaking emulsified asphalt. 

Tack Coats and Binder Courses. Binder courses, composed of 
asphaltic concrete, are frequently used on concrete foundations and 



Couricny of Kentucky Rock Aitphalt Institute, 
Fig 125. Spreading rock asphalt by niachinc 


on old block or other types of pavements used as foundations. Tack 
coats of rapid-curing Ikjuid asphalt or quick-breaking emulsified as¬ 
phalt are applied to foundations before placing binder courses, or, if a 
binder course is omitted, before spreading the rock asphalt layer; the 
quantity of bituminous material is small as the ])urpose of the tack 
coat is merely to cause the surface course to adhere to the base. A 
tack coat usually consists of 0,05 to 0.15 gal of bituminous material 
per sq yd, and uniformity of the rate of application is very important. 
The rock asphalt is applied after the tack coat has become sticky but 
not hard and dry. 

Spreading Rock Asphalt. Rock asphalt wearing courses are spread 
by machine spreaders, by multiple-blade drags, by motor-propelled 
blade graders, and by hand methods. 

Machine spreaders are now used for spreading rock asphalt when 
the quantity of material exceeds 40 lb per sq. yd. Both types of 
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machines described in Chapter XIII are used. Some types of machines 
are equipped with fluffing rakes for breaking up lumps and raking 
the loose material to a uniformly loose condition. The material is 
deposited from trucks into spreader boxes or hoppers which spread 
it on the foundation where it is struck off* by the machine spreader. 

Blade graders and multiple-blade drags arc used for spreading thin 
layers of rock asphalt. The material is deposited from trucks in 
windrows along the center line of the foundation and is then spread 





C ourtentf «/ Kentucky Rock Asphalt Institute. 
Fkj 126 Sproadiiif? rock aspiialt bv hand methods. 


over the surface by successive blading until the desired width and 
depth are obtained. Multiple-blade drags may supplant blade graders 
entirely or may be used for final planing of the surface to secure a 
uniform texture and contour. 

With hand methods of si)reading, firm side forms are set in place to 
the required width and the rock asphalt is then deposited, preferably 
on dumping platforms large enough to hold one truckload of material, 
on an area ahead of that which it is to cover. All lumps are broken 
up, and the material is shoveled into place with hand shovels. Each 
shovelful of rock asphalt should be turned over before depositing in 
order to avoid non-uniformity in the looseness of the material as 
spread. The rock asphalt is then raked to its full depth by means of 
hand rakes until it is thoroughly and uniformly loosened and is shaped 
to the required grade and cross-section. The surface is then smoothed 
and slightly compacted by means of wooden lutes having a surface 
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about 4 in. wide and 4 ft long and jfttted with wood handles and 
braces. Greater accuracy in securing the required depth, and surface 
contour, is obtained by placing 14- to 18-ft steel gauge strips (% to 
% in. thick and having a width equal to the depth of the required 
loose layer) in longitudinal rows about 3 ft apart. 

Rock asphalt sometimes is heated to facilitate handling or to 
assist in spreading and compacting in cool or cold weather. Heating 
is preferably performed in a revolving, cylindrical drier but also is 
performed by injecting steam into the material in cars or piles. 

Compaction of Rock Asphalt Surfaces. Rock asphalt wearing 
courses are compacted by rolling, the procedure varying to some 
extent in accordance with the kind of rock asphalt which is involved. 

Kentucky rock asphalt contains a very soft bitumen (see Chapter 
VI, Table 3) which will not permit it to compact until some of the 
volatile material has evaporated. Kentucky rock asphalt surfaces, 
therefore, are generally rolled only once, in a longitudinal direction, 
immediately after placing, with a 10-ton, three-wheel roller. The 
pavement gradually loses volatile material and becomes harder; traffic 
completes the compaction, leaving the pavement firm and smooth. 
Uvalde rock asphalt surfaces are generally rolled initially with a 
5-ton, three-wheel roller and arc finally compacted with an 8-ton 
or 10-ton tandem roller. Heavy three-wheel and tandem rollers are 
used for rolling Alabama rock asphalt. 


MAINTENANCE 

The maintenance of rock asphalt wearing courses involves essen¬ 
tially the same operations required for a sheet asphalt or fine-graded 
asphaltic concrete pavement which were described in Chapter XIII. 
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BLOCK PAVEMENTS 

The stone-block pavement is believed to be the oldest type of pav¬ 
ing. Both stone-block and brick pavements were used in Europe in 
ancient times. There appears to be some (|uestion relative to the 
first brick pavement in the United States; Charleston, West Vir¬ 
ginia, constructed a brick ])avement in 1871, and Bloomington, Illi¬ 
nois, claims to have constructed one in 1870. The first rural brick 
road was built in 1895 in Cuyahoga County, Ohio. Wood-block 
pavements were first constructed in the United States in New York, 
Boston, and Philadelphia, about 1840. Round cedar-block pave¬ 
ments were later constructed in Chicago, Detroit, and other central 
western cities. The'early destruction of these wood-block pavements 
by decay led to the use of chemically treated blocks. The first treated 
blocks were dipi)ed, and it was not until 1896 that creosoted blocks 
were prepared by modern processes. Asphalt blocks have been used 
for paving purposes since about 1890. Rubber blocks and cast-iron 
blocks have been tried on a few (‘xperimental paving projects. 

The details of the construction of block pavements vary with each 
of the types of blocks, but the essential operations involved comprise: 
(1) the construction of a foundation or base course, (2) the construc¬ 
tion of a bedding course or cushion course, (3) the jdacing of the 
blocks, and (4) filling the joints. 

Foundations for Block Pavements. C^mcrete foundations or base 
courses are most widely favored for all block i)avements because they 
bridge over sliglit inequalitie.s in subgrades and i)r()vide for uniform, 
firm support for the individual blocks. Gravel, liiiierock, and broken- 
stone foundations also are used, especially for brick pavements. Sev¬ 
eral tyjucal cross-sections of block pavements on concrete foundations 
are shown in Fig. 116. The design and construction of foundations 
or base courses have been described in previous chapters and will not 
be further discussed in this cha])ter. 

Bedding Courses and Joint-Filling Materials. The principal func¬ 
tion of bedding or cushion courses is to distribute tlie load from the 
blocks as uniformly as i)ossible to the foundation or base course. 
Slight irregularities occur in the surface of foundations and in some 
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types of blocks themselves, and a stable support for the blocks and a 
true surface contour of the finished pavement are secured by firmly 
placing the blocks so that their upper surfaces arc at the elevation 
of the finished pavement surface. The most common materials for 
bedding courses are: sand, bituminous mastic (a mixture of sand 
and bituminous material), granulated slag, dry Portland-cement mor¬ 
tar, damp Portland-cement mortar, and tar pitch. 

The materials for filling the joints between the individual blocks 
jirovide lateral support for the blocks and should prevent water from 
entering and damaging the pavement. In addition, they may provide 
for expansion and contraction of the blocks. 

The use of different bedding courses and joint fillers for each of 
the various types of block pavements has developed as the result of 
characteristics which are peculiar to eacii kind of block, and the rea¬ 
sons for each selection wdll he discussed in connection with the de¬ 
scription of each type of pavement. 


BRICK PAVEMENTS 

When properly designed and constructed, a brii k pavement is very 
satisfactory for heavy traffic; it has a long life, is highly resistant to 
wear, sanitary, easy-riding, and pleasing in appearance The original 
cost of brick pavements has been their principal disadvantage but has 
been reduced to some extent by the use of relatively thin bricks. 

Bedding Courses and Joint Fillers. Paving bricks have slight vari¬ 
ations in thickness, and the bedding course adjusts these variations 
and the variations in elevation of the foundation course, and provides 
firm sujiport for the bricks The various materials used for bedding 
courses include sand, granulated slag, dry cement mortar, and bitumi¬ 
nous mastic. Sand has been most widely used and is satisfactory if 
thoroughly and evenly compacted and completely confined. Breaks 
in the foundation or openings between the edges of the pavement and 
the curbs or gutters may permit water to enter and displace the sand 
cushion. Granulated slag, which possesses cementing properties, is a 
satisfactory bedding course material but is economically available 
in a limited number of locations Dry cement mortar was once used 
quite extensively but now is seldom used because cracks in foundation 
courses tend to be transmitted through the bedding course and because 
it interferes with expansion and contraction of the bricks. The bitumi¬ 
nous mastic cushion is gaining in popularity because it is stable, prac¬ 
tically waterproof, and has some ability to bridge over cracks in 
concrete foundations. 
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Sand has been used to a limited extent for filling the joints but is 
entirely unsatisfactory because it is not waterproof and is easily 
displaced. Portland-cement grout was extensively used when steel- 
tired vehicles were numerous and it was necessary to protect the edges 
of the brick from wear. Grout fillers crack and do not provide for 
expansion and contraction, and now are used to a much lesser extent 
than in former years. Bituminous fillers now are generally preferred 
because they prevent displacement of the bricks, are waterproof, and 
provide for expansion and contraction of the brick. 

Materials for Brick Pavements 

Raw Materials for Brick. Shale and clay are the raw materials 
for the manufacture of paving brick, the clay being of the fireclay 
variety. The clay, or the shale after being ground to proper size, 
must be plastic when mixed with water. In addition, it must be of 
such a nature as to resist shrinkage, warping, and cracking, and must 
be capable of producing a hard and tough brick. 

Manufacture of Paving Brick. The manufacture of paving brick 
involves the following operations: excavation of the clay or shale, 
crushing and screening the dry material, mixing the water, forming 
and cutting of the brick, drying, burning, and annealing. 

Fireclay is excavated by drift mining operations. Shale usually 
is excavated by blasting and loading with power shovels, and must be 
crushed. The clay or crushed shale is screened through a 4- to 12- 
mesh screen and then goes to the mixer or pug mill where it is thor¬ 
oughly mixed with w'ater to the desired consistency. The mixture is 
then dropped into an auger machine, which is an enclosed cylindrical 
machine containing a worm or auger which forces the clay forward 
into a conical former. As the mixture advances it is gradually re¬ 
duced in size until it reaches the die at the end of the former, from 
which it emerges as a continuous column having a cross-section slightly 
larger than that of the brick after burning. 

The column of clay leaves the former and moves forward over a 
movable belt to the cutting table where it is cut into brick by means 
of fine wires. The brick are then removed to the drying room where 
a large percentage of their contained moisture is removed at low tem¬ 
peratures This process requires from one to three days, and the 
brick, which are now quite hard, are piled in the kiln. 

The kilns may be continuous or intermittent. The brick are piled 
on edge in the kiln in courses of varying height, depending on the 
size of the kiln. 
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into small pieces after it comes from the pug mill and is then intro¬ 
duced into a vacuum chamber where the air is extracted. The de-air- 
ing process is claimed to increase the resistance to wear and the com¬ 
pressive strength, and to reduce the absorption, laminations, and burn¬ 
ing shrinkage. The weight of the brick is increased slightly. 

Types of Brick. Several types of brick are used for paving pur¬ 
poses, including plain wire-cut brick, wire-cut lug brick, vertical fiber 
brick, and re-pressed brick. 



Courtesy o/ National Paving Brick Mfrs Assoc. 
Fig. 128. Automatic cutting tabic for rutting the column of clay into bucks by 
means of srn.ill-diametoi wnes 


Plain Wire-Cvt Brick. Plain wire-cut lirick liave straight sides. 
They possess the advantage that they can be laid on the edge or on 
the face. They are more readily handled and piled than lug brick but 
have the disadvantage that complete filling of the joints, as the brick 
are ordinarily laid, i« impossible. 

Wire-Cut Lug Brick. The lugs on wire-cut brick are formed by 
the cutting wires on the cutting table. These wires are guided through 
slots, which arc shaped to form the lugs. The lugs are formed on only 
one side of the brick. This type of brick is known as the Dunn wire- 
cut lug brick. Wire-cut lug brick are laid with the smooth and 
smallest face uppermost 

Vertical-Fiber Brick. As the clay mixture is forced through the 
conical former it is compressed in a series of spiral layers. The cen¬ 
tral layers travel forward more rapidly than the outer layers and tend 






BRICK PAVEMENTS 


325 


to produce a slightly laminated structure, in which the clay or shale 
particles probably arrange themselves with their longest dimensions 
parallel to the axis of the conical former. When wire-cut brick are 
laid with the wire-cut face upward this structure is therefore vertical 
in the pavement. The term “vertical-fiber'^ has been given to wire-cut 
brick thus laid on account of the type of the brick structure. 

The advantage that vertical-fiber brick possess on account of their 
structure probably is slight, but their slightly roughened surfaces pro¬ 
vide a non-skid effect. Vertical-fiber brick are now manufactured 
with end and side lugs so as to permit thorough penetration of the bitu¬ 
minous filler and comjdcte sealing of the joints. The lugs act as a 
temporary spacer until the filler is applied and will break down under 
the force caused by expansion of the pavement. 

Re^pressed Brick. Re-pressed brick, as the name implies, are re¬ 
molded after cutting. The re-pressing operation is performed in a 
heavy machine, which is constructed with a box mold into which the 
brick are dropped, and a heavy plunger which fits into the mold and 
compresses them. The mold is so shaped that in re-pressing the cor¬ 
ners of the brick are rounded and lugs are formed. 

Re-pressed brick are rapidly being displaced by wire-cut brick as 
no important advantage is obtained by the re-pressing. In order to 
receive the blocks readily, the mold of the re-press machine is made 
slightly longer and wider than the block. The re-pressed brick are 
therefore reduced in size in only one direction, which causes a com¬ 
plete rearrangement of the particles in the interior of the brick. It has 
not been shown that this structural change produces a stronger brick. 

Standard Varieties and Sizes of Brick. For many years paving 
brick were manufactured in a large number of sizes. In 1921 the 
number of sizes was reduced through the cooperation of the Division 


TABIJC 32 

Standard Varieties and Sizes of Paving Brick 


Variety 

Size, inches 

Depth 

Width 

Length 

Repressed lug. 

4 

ZH 


Vertical fiber lug. 


4 


Vertical fiber lug. 

3 

4 

SH 

Vertical fiber lug. 

3J4 

4 
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of Simplified Practice of the U. S. Department of Commerce. Sev¬ 
eral revisions have since been made, and two varieties and four sizes, 
shown in Table 32, are now recognized by the Permanent Commit¬ 
tee on Simplification of Varieties and Standards for Vitrified Paving 
Brick of the U. S. Department of Commerce. A tolerance of % in. in 
width and depth and ^4 in length is allowed by most specifications. 

Quality of Paving Brick. Paving brick should be hard and tough, 
so as to resist the abrasive and impact forces exerted by traffic. 
The following maximum losses in the standard rattler test are used to 
control the quality of paving brick. 

Size of Brick Maximum Loss 

Transverse Dimensions in Rattler Test 

Inches Per Cent by Weight 

Wi X 4 26 

3X4 24 

3V2 X 4 22 

All brick should be free from deep kiln marks, cracks, and bad chips, 
should show an evenly burned structure, and should be free from lime, 
air pockets, and pronounced laminations. 

Sand for Sand Bed. The sand for the sand bed should be clean 
and well graded. All of it should pass a No. 4 sieve, and the clay and 
silt content (loss by decantation) should not exceed 5 per cent. 

Bituminous Mastic Cushion. The bituminous mastic cushion is 
composed of a mixture of tar or cut-back asphalt and sand, in the 
following proportions, by volume: 

Sand 92 to 95 pcT rent 

Bituminous material 5 to 8 per cent 

The sand should comply with the specifications given in Table 33. 
Rapid-curing liquid asphalts of Grades RC-1, BC-2, and RC-3, and 
tar of Grade RT-2, described in Chapter VI, are used for the bitumi¬ 
nous cement. 

TABLE 33 

Specification for Sand for Bituminous Mastics 
{American Association of State Highway Officials) 

Per Cent 


Clay lumps, loam, organic matter, foreign matter None 

Total passing No. 4 sieve 100 

Total passing No 10 sieve 95-100 

Passing No. 10 sieve, retained on No. 40 sieve 18- 50 

Passing No. 40 sieve, retained on No. 80 sieve 30- 60 

Passing No. 80 sieve, retained on No. 200 sieve 15- 40 

Total passing No. 200 sieve 0- 5 
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Dry Cement Mortar Bedding Course. Dry cement mortar bedding 
courses are composed of standard Portland cement and sand, mixed 
in the proportions of 1 part of cement to 3 parts of sand, by volume. 
A satisfactory sand will conform to the requirements shown in 
Table 34. 

TABLE 34 


Specification for Sand for 
{Americon Association of 

Passing No. 8 sieve 
Passing No. 50 sieve 
Passing No. 100 sieve 
Removed by decantation 
Organic impurities 


Portland-Cement Mortar 
State Highway Officials) 

100 per cent 
15 to 40 per cent 
0 to 10 per cent 
0 to 5 i>er cent 
Colorimetric test 
shall not produce 
a color darker than 
standard color 


Asphalt Filler. A blown asphalt is preferable to straight-distilled 
asphalt for filling the joints when lug brick are used because it has 
a higher softening point and is less susceptible to temperature changes. 
The specifications shown in Table 7, Chapter VI, describe a satis¬ 
factory filler made from petroleum. 

A blown asphalt is not well suited for joint filler when plain, 
wire-cut brick are used because it congeals rapidly and will not readily 
penetrate the narrow joints. Plain wire-cut brick are not recommended 
for brick pavements, but, when used, the filler should consist of a 
straight-distilled asphalt having a normal penetration of 30 to 50. 


Construction of Brick Pavements 

Construction of Bedding Course. The construction of smooth and 
even base courses for brick pavements makes thick bedding, courses 
unnecessary; a maximum thickness of % in. is sufficient. 

When sand, granulated slag, or dry cement mortar is used for the 
bedding course, the material is spread, uniformly on tlie foundation 
and struck off by means of a template shaped to the proper cross- 
section and slightly high to allow for compaction. Comfiaction is se¬ 
cured by rolling with a hand roller which generally is required to 
measure not less than 24 in. in width and diameter and to weigh not 
less than 10 lb per in. of width. Depressions should be filled with 
additional material and rerolled. 

When bituminous mastic is used for the bedding course, the mixture 
usually is made in a small concrete mixer immediately before being 
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placed. The mastic is spread on the surface, preferably with shovels, 
and is struck off with a double template which rides on steel forms or 
on metal tracks on or alongside the curbs. The first template is set 
slightly above the desired grade, and, after striking off the mastic, the 
bed is then rolled, usually with a long-handled roller operated by 
hand. Surface irregularities then are corrected, after which a thin 
layer of mastic is spread with the second strike board. 

Placing the Brick. Brick pavements are laid in straight courses 
at right angles to the curbs. Each alternate course is started with a 



Courtesy of \attonal Pairing Brick Mfrs. Assoc. 

Fig. 129. Laying brick; note delivery from stockpiles on the shoulders by means 

of a gravity conveyor. 


half brick in order to jircvent the joints in each course from being 
opposite each other and thereby tending to increase the wear. The 
bricklayers stand on brick already laid, great care being taken to 
prevent disturbing tlie bedding course. The brick are carried to the 
bricklayers in pallets or clamps, or by means of specially built con¬ 
veyors. If lug brick are used, they are placed with the lugs all in 
one direction. The brick are laid so tliat they are in straight courses 
and closely touching each other. Driving and ramming, which are 
practiced in laying stone block, are not permitted with brick. After 
the brick are laid they are inspected, and objectionable brick arc 
removed by means of flat-nosed tongs and replaced with good ones. 

Rolling the Brick. After placing, the brick are brought to a firm 
bearing and a true surface by rolling. The usual practice is to roll 
wdth a 3- to 5-ton tandem roller, but more recent practice, which 







BRICK PAVEMENTS 


329 


originated in Richmond, Virginia, consists of rolling with a 5- to 
10-ton tandem roller on boards which have a width of not less than 
10 in. and a length of not less than 12 ft, and are dressed to a 
uniform thickness of in.; these boards are laid longitudinally on 
the brick surface and in close contact with each other. The pavement 
is rolled longitudinally, beginning at the curbs. 

After rolling, the brick surface should be checked with a straight¬ 
edge; the amount of variation should not exceed Ys in. in 10 ft. 



Courtesy of National Paving Brick Mfrs. Assoc. 

Fig. 130. Apiilicalion of bituminous filler on a brick pavement by means of 

squeegee bugg>'. 


When a dry cement mortar bedding course is used, the surface of 
the pavement is lightly sprinkled with water after the brick has been 
rolled and checked for surface regularity. 

Filling the Joints. The asphalt filler for the joints in brick pave¬ 
ments is usually shipped in steel drums and is heated in kettles to a 
temperature of 400° to 450° F, Some kettles are designed with warm¬ 
ing hoods in which the filler is heated in the drums and flows out one 
end of the drum into the kettle; in most kettles, however, the filler is 
removed from the drums by stripping the metal from the asphalt and 
cutting up the mass of asphalt with axes or a special wire cutter. If 
the drums are stripped early in the morning, the filler can be cut read¬ 
ily and an entire day’s supply placed in kettles. 

The joints may be filled by means of a squeegee buggy (see Fig. 
130) or the asphalt may be poured directly on the pavement. Some 
form of squeegee is used if the bituminous material is to be left on 
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the surface of the pavement. The bituminous material is immediately 
covered with a thin layer of coarse sand, or crushed stone or slag 
chips, and is rolled. The excess sand or chips may be removed after 
two or three days. 

Surface Removal Method of Filler Application. The squeegee 
method of introducing the bituminous filler into the joint spaces be- 



fJourttny of Dept of Puhln Works, Baltimore 


Fig 131 Removing asphalt filler from surface of buck pa/ement 

tween the bricks leaves a thin film of the bituminous material on top 
of the bricks. On re-pressed brick, wire-cut lug brick, or plain wire- 
cut brick laid with smooth faces up, this film does not adhere well 
enough to remain in place under traffic, and the pavement soon is 
covered with alternate bare places and covered areas which do not 
make a pleasing appearance. The bituminous film adheres well to 
wire-cut surfaces, but when the gritty cover has not been incorporated 
in the surface asphalt, it has resulted in a surface which is slippery in 
wet weather. Many engineers prefer to have the surface of the bricks 
clean—for good appearance in the former case and to have a non-skid 
surface in the latter. Formerly this result could be secured only by 
filling the joint spaces with a special type of pouring pot having a 
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conical shape, the filler being poured through the pointed end. With 
these pouring pots the process is slow and costly. The surface-re¬ 
moval method of applying the bituminous filler now is used to obtain 
a clean surface. In this method the surface of the pavement is moist¬ 
ened and the excess filler is scraped off immediately after placing. 
Several materials have been tried as the moistening liquid, including 
whitewash, proprietary solutions, and calcium chloride solutions. A 
35 per cent calcium chloride solution containing 1 per cent of starch 
has been quite successful. The liquid is applied in several ways. In 
some cases it is applied by means of a padded roller which is kept 



saturated with the solution. Another successful method consists of 
spraying the solution through a fine nozzle in the form of a fog; an 
ordinary orchard sprayer is a satisfactory spraying device. If the 
nozzle is held vertically over the surface the liquid does not go into the 
joint si)aces as much as when the nozzle is held at an angle with the 
surface. The small amount of liquid which does trickle down the sides 
of the brick does no harm because the separating effect is only tem¬ 
porary. The asphalt filler, in this method, is applied while the surface 
of the brick is wet; it is best to pour the filler on the brick rather than 
to use a squeegee as a thick coating peels off more easily than a thin 
layer. The filler should be peeled off as soon as complete settlement 
has occurred in the joint spaces. Straightened hoes are suitable tools 
for this work. The material peeled off can be mixed with fresh asphalt 
and used over again. 

Arrangement of Brick on Curves. Bricks may be laid radially on 
curves if the curvature is slight and iho width is not too great, as 
shown in Fig. 132(a). The joint spaces at the outside of the curve 
should not exceed % width. When the curvature and width 

of the pavement will result in wide joints on the outside of the curve, 
V-shaped areas (commonly called dutchmen), in which bats are em- 
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ployed, are utilized at one or more locations along the curve. Figure 
132(b) illustrates the use of bat closures. Bats never should be less 
than 3 in. in length. 

Longitudinal Brick Pavements. The standard or conventional 
pattern of brick pavement construction consists of placing the bricks 
in transverse courses. The original reason for this practice was the 
prevention of wear on the edges of the brick by steel-tired vehicles. 
The Ohio State Highway Department constructed an experimental 
brick pavement in 1936 in which the bricks were laid with their long 
dimensions parallel to the longitudinal axis of the road. Several other 
longitudinal brick pavements have since been constructed. This type 
of construction appears to be slightly less expensive than transverse 
construction, owing, probably, to the fact that each brick dropper can 
walk continuously along the road instead of transversely; more brick 
droppers can be employed, and the total number of droppers is gov¬ 
erned only by the amount of equipment for placing the bedding course, 
rolling the brick, and placing the joint filler. Longitudinal construc¬ 
tion may be somewhat less noisy than transverse construction, and a 
smooth riding surface is somewhat more difficult to obtain. 

Reinforced Brick Pavement. Some experimental pavements have 
been constructed in which 8 by 8 by 3%-in. blocks were employed, on 
a sand bedding course, with %-in. round steel reinforcing bars (placed 
as a mat) between the blocks and supi)()rted 1 in. above the bottoms 
of the blocks. Joint spaces were filled with 1 : 2 Portland cement 
mortar. This type of construction, which is still in the experimental 
stage, may be applicable on stabilized subgrades and on subgrades 
covered by compacted foundations 

M.4INTENANCE OF BrICK PAVEMENTS 

Brick pavements on concrete foundations, with bituminous mastic 
cushions and bituminous fillers, generally require very little attention 
for several years. Shifting of sand cushions causes settlement of the 
bricks, and the affected areas are repaired by removing the bricks, cor¬ 
recting the cause of the shifting, and replacing the pavement. 

The joints in brick pavements occasionally require additional ma¬ 
terial, and cracks should be filled with bituminous material. 

Service cuts require the replacement of the entire pavement, and 
the back-filled trenches should be thoroughly compacted before re¬ 
placement of the pavement. Cuts through concrete foundations may 
be satisfactorily repaired by the methods described in Chapter XII. 
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Old brick pavements frequently are resurfaced with bituminous 
wearing courses. Shattered areas should be replaced with concrete, 
and depressions may be filled with bituminous macadam or coarse- 
graded asphaltic concrete mixtures. 

STONE-BLOCK PAVEMENTS 

Stone-block pavements are suitable for very heavily traveled 
streets in industrial districts; they arc constructed almost entirely on 
concrete foundations. Stone block have not been used on many rural 
highways because of their high cost in comparison with other types of 
paving materials. 

Bedding Courses and Fillers. Stone blocks arc not smooth and 
regular like other types of blocks, and, therefore, the joints have 
wider spaces to be filled with filler and the cushion course cannot 
be smoothed and compacted as for brick pavements. Sand and dry 
cement mortar are generally used for the bedding course and Portland- 
cement grout and bituminous mastic for filling the joints. Dry cement 
mortar usually consists of 1 part of cement and 3 parts of sand, mixed 
dry. Dry cement mortar bedding courses are somewhat (jiiestionable 
in value with bituminous fillers but are desirable with a Portland- 
cement grout filler. 


Materials for Stone-Block Pavements 

Kinds and Quality of Stone. Granite paving blocks are most 
widely used; sandstone blocks, less frequently. The stone for stone 
blocks should be of such texture as to enable blocks to be formed 
without too great an amount of labor and without danger of damaging 
the blocks during manufacture. The stone should be hard and tough 
and should wear evenly and without becoming too slippery. Medium¬ 
grained stones with a uniform distribution of the constituent minerals 
are desirable. The American Society for Testing Materials recom¬ 
mends that the following limitations be placed upon the physical 
properties of granite for paving blocks: 

Heavy Moderately 
Traffic Heavy Traffic 

Per rent of wear, Deval ahra.sion te.s<, not more than 3.6 5 

Toughness, not less than 9.0 7 

Sandstone should have a percentage of wear of not more than 5.5. 

Size of Blocks. Three sizes of stone blocks in common use are 
as follows: 
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Length on Top Width on Top Depth 


Name of Block Inches Inches Inches 

Standard, or 5-in.8 to 12 3to 4^/4 4% to 5% 

4-in.7 to 11 4 to iV 2 4 to 4y2 

Hassam ... 6 to 12 SMs to AV 2 4 to 4’/^ 


Durax Blocks. A special type of block known as Durax in En¬ 
gland and the United States, and as Kleinflaster in Germany, has been 
used to a considerable extent. These blocks arc manufactured from 
granite and are approximately cubical in shape, their dimensions, in 
any direction, usually being specified to vary from 3 to 4 in. They 
should be manufactured from a medium-grained granite having a per¬ 
centage of wear of 5 or less and a tougliness of at least 7. These 
blocks are manufactured either by a stamping machine or by hand. 
Their principal advantages include low cost, ease of handling, ease of 
laying, and the opportunity of selecting the upper face from six faces. 

Materials for Bedding Courses and Fillers. The sand for a sand 
cushion, for a bituminous mastic cushion and joint filler, for a cement 
mortar cushion, and for a cement grout filler should conform to the 
same requirements as described for brick pavements. Tar is the bitu¬ 
minous material, and material of Grades RT-10, RT-11, and RT-12, 
described in Chapter VI, is generally emi)loyed. 

Construction of Stone-Bloc k Pavements 

Placing the Bedding Course. The bedding course, whether it be of 
sand or dry cement mortar, is spread rather loosely on the foundation 
to a thickness of 1 to 2 in. 

Laying the Blocks. Stone blocks are laid with their longest dimen¬ 
sion at right angles to the curbs or outside edges of the pavement, 
except at intersections. The pavers should select the blocks carefully 
so that blocks of as nearly the same width as possible are placed in the 
same course. The end joints should be in close contact with each other 
and the transverse joints as close as possible, keeping the courses 
straight. Transverse joints should not exceed width, after 

ramming. The blocks in adjoining courses should break joints at 
least 3 in. in order to prevent undue wear. The method of laying the 
blocks is very important. The paver uses a special hammer which 
has a flat blade on one end. This flat blade is used for scooping out, 
or truing up, the sand bed for each block. After placing the block the 
paver gently taps the upper surface so as to bed the block and bring 
it to the same elevation as the adjacent ones. 
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Ramming the Blocks. After the blocks are laid they are rammed 
in place by means of a rammer. There are several types of rammers, 
of which the one-man rammer i'^ perhaps the most popular. The 
blocks should be rammed to a solid bearing. With one-man rammers, 
the number of rammers should be in the proportion of one rammer to 
each three pavers. Ramming is very important, and the results should 
be carefully inspected. All blocks which are not solidly bedded or 
which arc low should be removed, the bedding course corrected, and the 
blocks reset and again rammed. Under no circumstances should blocks 
be removed by pinch-bars, as they tend to displace the adjacent blocks. 
Defective or improjicrly placed blocks may best be removed by means 
of flat-faced paving tongs. 

Before the joints are filled all chipped or otherwise unsatisfactory 
blocks should be removed and replaced with satisfactory blocks. 

Filling the Joints. AVhen a sand-cement b('d or Portland-cement 
grout filler is used (and they are ordinarily used together) the blocks 
should be lightly sprinkled just before filling the joints. Sufficient 
water merely to moisten the blocks should be adde^i. 

Portland-cement grout may be mixed in special grout mixers or in 
grout boxes. The usual })roportions are 1 part of cement to 1 part of 
sand with sufficient water to produce a consistency like that of thin 
cream. The grout is jxmred into the joints by means of a spout, from 
a mechanical mixer or large scoop shovels if grouting boxes are used. 
The grout should be swei)t into the joints with push brooms. The grout 
will settle in the joints, and ad<liti()nal grout should be swept in until 
all the joints are permanently filled even with the ioj)S of the blocks. 

Bituminous fillers are heated in heating kettles. Tar fillers should 
be brought to a temperature of 250° to 300° F. Asphalt fillers may 
be heated to temperatures of 300° to 350° F. These fillers are usually 
squeegeed into the joints. 

Mastic fillers may be mixed in mechanical mixers or in wheel¬ 
barrows. The sand may be heated in specially designed heaters or on 
steel plates suspend(‘d over a fire. The mastic is dumped on the 
surface of the blocks and squeegeed into the joints. A thin layer of 
clean sand is then spread over the pavement. 

Protection of Pavements from Traffic. Traffic should not be per¬ 
mitted on ceinent-grout-filled pavements for ten days, and the pave¬ 
ment should be sprinkled two or three times daily until opened to 
traffic. Stone-block pavemems filled with buuniinous or mastic fillers 
should be allowed to cool to apjiroximateiy air temperature before 
traffic is admitted. This will usually require from six to eight hours 
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after filling the joints. After one to three days all excess sand should 
be swept up and removed from the pavement. 

Durax Pavements 

Durax pavements were first laid in Europe in 1885. The first 
Durax pavement in the United States was laid in the Brooklyn Navy 
Yard in 1913. 

Cushion Course. A sand-cement cushion, in the proportions of 1 
part cement to 1 part sand, averaging about 1 in. in thickness, is 
usually employed. 

Laying the Blocks. The blocks are laid in concentric circular 
segments, the proper curvature being maintained by means of a curved 
template. The curvature may vary but is commonly 4 ft long, on a 
straight line from end to end with a center height of 12 in. The larger 
blocks are placed at the center or crown of the curve, and the smaller 
ones at the ends of the curved segments. This method of laying the 
blocks eliminates any joint parallel to the line of traffic. 

Filling the Joints. An asphalt mastic for filling the joints is pre¬ 
pared in the same manner as described in connection with the large 
granite blocks. Grade RC-2 or Grade RC-3 liquid asphalt are suitable 
bituminous materials; the sand should conform to the requirements 
described in Table 33. 

Adaptability of Durax Pavements. Durax pavements may replace 
old and badly worn pavements of other types where the original con¬ 
crete base is still in good condition. On account of the lower cost of 
the small blocks and the greater area which they will cover, the con¬ 
struction costs less than that with the standard-size blocks. 


Maintenance of Stone-Block Pavements 

The maintenance of well-constructed stone-block pavements dur¬ 
ing the first few yea^s has usually been very small. When bituminous- 
filled joints are used it may occasionally be necessary to go over the 
pavement and refill small depressions which appear. Portland-cement- 
filled pavements are subject to cracking, and all cracks should be 
treated with bituminous material in order to prevent water from reach¬ 
ing and displacing the cushion course. 

Recut Blocks. Old granite blocks may be used for new or recon¬ 
structed block pavements by recutting the blocks. Standard-size 
blocks may be cut in two, and the two new faces thus obtained laid 
uppermost in the pavement. In some instances the blocks are merely 
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trimmed to a smaller size. A considerable saving may often be effected 
by this method of salvaging old blocks. 

WOOD-BLOCK PAVEMENTS 

Wood blocks have become practically obsolete for street and road 
pavements, principally because of their high cost, but also in consid¬ 
erable measure because of the unsatisfactory results secured in many 
instances. Wood-block pavements are quite slippery in wet weather 
and have a tendency to bleed; they contract and expand with moisture 
and temperature changes; and their construction requires considerable 
skill. These tendencies can be overcome to a large extent by the 
proper selection of blocks and by careful construction. Slipperiness 
may be,decreased measurably by avoiding too much bituminous ma¬ 
terial in filling the joints, and by having a coarse, sharp sand for the 
surface covering. The pitch cushion eliminates the objectionable fea¬ 
tures of sand cushions by preventing water from entering the pavement 
and displacing the blocks. 

Foundations and Cross-Sections. A concrete foundation is the only 
satisfactory type of foundation for a wood-block pavement. The 
upper surface of the concrete foundation should be finished as care¬ 
fully as for a concrete pavement if a pitch cushion is to be used 
without first constructing a smooth mortar course. 


Materials for Wood-Block Pavements 

Kinds of Wood. Many different kinds of wood have been used for 
wood blocks, but the greatest success has been obtained with southern 
pine, tamarack, Norway pine, hemlock, and black gum. Southern 
pine is now used almost exclusively. 

Quality of Blocks. The blocks should be free from unsound, loose, 
or hollow knots, knot holes, worm holes, shakes, and checks; and 
should be manufactured with square sides and ends. Strong, sound 
lumber should be chosen, and it is customary to apply the following 
density rule in order to eliminate undesirable material: The number 
of annual rings in the 1 in. which begins 2 in. from the pith of the 
block shall not be less than 6, measured radially; provided, however, 
that blocks containing between 5 and 6 rings in this inch shall be 
accepted if they contain 33^/^ per cent or more of summer wood. In 
case the block does not contain the pith, the 1 in. to be used shall 
begin 1 in. away from the ring that is nearest to the heart of the 
block. The blocks in each charge shall contain an average of at least 
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70 per cent of heartwood. No single block shall be accepted which 
contains less than 50 per cent of heartwood. 

Types and Sizes of Blocks. Both plain and lug blocks are used. 
The length of paving blocks depends on the width of the planks from 
which they are sawed, but is generally restricted to lengths of 6 to 9 
in. The width varies from 3 to 4 in. and the depth from 2% to 4 in. 

Preservatives. Creosote oil, or a mixture of creosote oil and coal 
tar, is generally employed as the preservative. The action of these 
materials is principally physiological. The creosote is toxic and thus 
prevents animal organisms from attacking the wood. A physical ac¬ 
tion is also accomplished by the preservative inasmuch as the pores of 
the wood are filled, which increases the resistance to wear and de¬ 
creases absorption and consequent expansion to a considerable extent. 

The quantity of preservative necessary to prevent decay is quite 
small, but paving blocks are usually treated with a much larger quan¬ 
tity than this in order to increase the resistance to wear and reduce 
absorption to a low amount. From 16 to 18 lb of preservative per 
cubic foot of wood is generally si)ecified. 

Manufacture of the Blocks. Freshly cut timber is rarely made up 
into paving blocks. One to xhree months of air seasoning under suit¬ 
able conditions is usually given the timber. The blocks are cut from 
planks of a thickness equal to the desired width of block by gang saws 
capable of sawing a large number of blocks at one time. The blocks 
arc immediately loaded into steel cages mounted on small cars, and 
I)laced in the treating chamber. 

A treating chamber consists of a steel cylinder, usually 6 to 8 ft 
in diameter and from 100 to 160 ft in length. The cylinder is charged 
with the blocks and is then closed air-tight. The blocks are steamed 
for a period of two to six hours in order to expand and soften the wood 
and mak(‘ the moisture content uniform. This steaming process is ap¬ 
plied to both green and seasoned timber. The preservative is forced 
into the blocks under pressure until the required amount has been in¬ 
jected. A final and sometimes a preliminary vacuum is applied. 

Inspection of the Blocks. The only accurate way of determining 
the amount of preservative used in treating the blocks consists of meas¬ 
uring the preservative at the time of treatment. Modern treating 
plants are equipped with gauges and thermometers which enable this 
determination to be readily made. 

Cushion Courses and Fillers. Sand, dry-mortar, and pitch cushions 
arc used in connection with wood-block pavements. The tar-pitch or 
asphalt cushion possesses a number of advantages over the other ma¬ 
terials. It is impervious to moisture; it does not cause unevenness of 
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the pavement due to expansion of the blocks; it is easily applied; and 
it is not excessive in cost. Coal-tar and asphalt fillers are generally 
used. 

Surface-Covering Material. After the joints Lave been filled the 
pavement is covered with sand, which should be clean and all of it 
should pass a No. 4 sieve. 


Construction of Wood-Block Pavements 

Construction of Mortar Cushion Courses. Tlie tliickness of a mor¬ 
tar cushion course should be % in. The mortar is mixed in propor¬ 
tions of 1 : 1 or 1 : 2 and is sj)read in place with templates. Dry 
mortar is usually preferred because it is easier to work with than 
wet mortar and it eventually sets up. 

Construction of Bituminous Cushion. The application ot the bitu¬ 
minous cushion is sometimes ]m‘ceded by the construction of a smooth 
mortar course approximately % thickness, in order to obtain a 
perfectly smooth base for the bituminous cushion. The mortar course 
•can be eliminated if the surface of the foundation is finished carefully. 

The bituminous cushion is applied hot at the i ate of 0.3 to 0.4 gal 
I)cr sq yd. Squeegees are most satisfactory for this jiurpose. 

Placing the Blocks. If a bituminous cushion is used the blocks 
should be placed within thirty minutps after application of the bitu¬ 
minous material. Wood paving blocks are placed like other types of 
paving blocks, with their longest dimensions at right angles to the curbs 
or edges of the pavement. End joints are broken at least 2% in. If 
lug blocks are not used the blocks should be separated slightly to pro¬ 
vide for expansion. Corrugated paper strips, approximately 1 in. in 
wddth, are convenient for this purpose. The blocks are usually set in 
place with a hammer and are then rolled with a light roller. 

Application of Bituminous Filler. The bituminous filler is usually 
applied by means of squeegees. An excess of bituminous material at 
any place on the surface of the pavement should be avoided. After 
the application of the filler, a coating of sand is spread over the pave¬ 
ment. This sand should be spread while the filler is still soft and 
should be approximately in. thick. This sand layer is usually 
rolled and allowed to remain in place for twenty-four to forty-eight 
hours, after which the excess sand is removed. The sand not only 
takes up excess bitumen but adheres to the surface of the blocks and 
eventually becomes embedded, thereby creating a less slippery sur¬ 
face and one that is more resistant to wear. 
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Maintenance of Wood-Block Pavements 

Wood blocks made from dense lumber do not show appreciable 
wear over long periods of time. The maintenance of these pavements 
is concerned principally with such conditions as bleeding, effects of 
expansion, damage by water, and slipperiness. 

Bleeding. For many years bleeding has been one of the most 
annoying features in connection with wood-block pavements. Bleed¬ 
ing can be eliminated by proper attention to the selection of the wood, 
the treatment, and the laying of the pavement. Weiss has summarized 
the principal features which reduce bleeding as follows: 

1. Only slow-grown wood should be used. 

2. Green and seasoned timber may be used, but the latter 
should be steamed. 

3. A strong preliminary and final vacuum should be drawn. 

4. If tar is used, blocks should be slightly steamed after injec¬ 
tion. 

5. The blocks should be completely penetrated. 

6. The treatment should not exceed 16 lb of oil per cubic foot 
of wood. 

7. Creosote-coal-tar solutions should contain only small per¬ 
centages of carbon-free tar. 

8. The blocks should not be laid too close together. 

9. An excess of bitumen should not be used in filling the joints. 

When bleeding occurs on a wood-block pavement the only remedy 
consists in applying a sand covering to take up the excess bitumen. 
This covering should be removed and replaced as necessary. The sand 
is to some extent ground into the upper fibers of the wood and tends 
to seal tlie blocks and make them less slippery and more resistant to 
wear. 

Expansion. The creosote treatment reduces, but does not elimi¬ 
nate, the absorption of water by the blocks. Expansion and contrac¬ 
tion of individual blocks due to both moisture content and temperature 
changes cannot, therefore, be eliminated, and should be provided for 
in the design and construction of the pavement. Lug blocks auto¬ 
matically provide for expansion and contraction. Lugless blocks 
should be separated by means of corrugated paper strips. 

Damage by Water. Wood-block pavements constructed on sand 
beds or with sand filler have given trouble because of washouts. The 
application of the bituminous paint coat and the bituminous filler 
practically eliminates this difficulty. 

Slipperiness. Wood-block pavements are very slippery under 
some conditions, particularly during a light, misty rain. Some cities 
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have had more diflSculty from slipperiness than others, the difference 
being attributed to climate, relative humidity, kind of wood, and other 
conditions. A light sanding of the surface of the pavement will elimi¬ 
nate slipperiness to a large extent, and the effect will be lasting if the 
treatment is renewed at intervals and traflSc allowed to grind the sand 
into the surface of the blocks. 

ASPHALT-BLOCK PAVEMENTS 

Asphalt blocks are used principally for street pavements in large 
cities, for bridge and viaduct roadways, for pier decks, and for in¬ 
dustrial floors, roads, and driveways. Large areas of asphalt block 
pavements have been constructed in New York City and throughout 
the Metropolitan District; asphalt blocks also have been used exten¬ 
sively for floors on highway bridges in New Jersey. 

Bedding Courses and Fillers. Asphalt-block pavements are gen¬ 
erally constructed by placing on the foundation a sand-cement or 
bituminous mortar bed which is about % in. in thickness and is fin¬ 
ished very smooth; the blocks are immediately laid on this bed. The 
sand-cement mortar is composed of 1 part of Portland cement to 2% 
or 3 parts of sand and is mixed with sufficient water to make a well- 
dampened mixture. The bituminous mortar may be either a mastic 
of sand and approximately 5 per cent of cut-back asphalt, by volume, 
or a cold-mixed and cold-laid mixture composed of sand, mineral filler, 
and asf)haltic material, in about the same proportions as for paving 
mixtures. A quick-breaking emulsified asphalt is used for filling the 
joints of street, bridge, and highway pavements, or other surfaces ex¬ 
posed to the weather. The joints of protected surfaces are treated with 
a slow-breaking emulsified asphalt. 

Materials for Asphalt-Block Pavements 

Blocks. Asphalt blocks are made with a coarse aggregate, a min¬ 
eral filler, and asphalt cement. 

Coarse Aggregate, The coarse aggregate consists of a hard rock 
crushed rather fine (at least 97 per cent passing a screen). 

Crushed traprock, dolomitic limestone, and copper conglomerate (from 
which the copper has been extracted) are used, the selection being 
based on quality and availability. 

Mineral Filler. Pulverized limestone serves as the fine mineral 
matter and is usually pulverized to the extent that at least 90 per cent 
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passes the 30-mesh sieve and at least 50 per cent passes the 200-mesh 
sieve. 

Asphalt Cement, A somewhat harder grade of asphalt paving ce¬ 
ment is used in the manufacture of asphalt paving blocks than in the 
construction of other asphaltic pavements, such as asphaltic concrete 
and sheet asphalt. Penetration limits (at 77° F) between 20 and 50 
usually are specified, and for all ordinary street and highway traffic 
asphalt cement having a penetration of 30 to 35 generally is used. 

Proportions of Constituents, Specifications commonly provide that 
asphalt paving blocks conform to the following composition: 


Per Cen 

Rotaincd on ^-in. screen, not more than 3 

Passing ^/4-m. screen and retained on 20-mesh sieve 35 to 60 

Passing 20-mesh and retained on 100-mesh sieve 15 to 30 

Passing 100-mesh sieve, total 20 to 40 

Passing 200-mcsh sieve, not less than 15 

Bitumen 6.5 to 10 


Size of Blocks, Asphalt blocks are made in the sizes shown in 
Table 35. The 12-by-5-in. blocks are standard for streets, highways, 
bridges, and industrial roadways; the 8-by-4-in. size is used under 
lighter traffic conditions for resurfacing, for docks and piers, or where 
construction conditions necessitate a relatively thin block; it also is 

TABLE 35 


Sizes of Asphalt Pavino Blocks 


Length, 

Width, 

Depth, 

Weight, 

inches 

inches 

inches 

indies 

12 

5 

3 

16 

12 

5 

24 

13>ii 

12 

5 

2 

11 

8 

4 

14 

44 

8 

4 

14 

34 


widely used for floor and roof pavements and for the protection of 
waterproofing on highway and railroad bridges and grade separation 
structures. 

Manufacture of Blocks, The essential features of an asphalt-block 
manufacturing plant include an aggregate heater, a mixer, and a hy¬ 
draulic press. In addition, a plant may be equipped with a crushing 
plant for crushing its own rock and a pulverizing plant for producing 
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mineral filler. The heating and mixing equipment is of a heavier and 
more expensive type than that for the preparation of other asphaltic 
paving mixtures. The heater is much larger and therefore makes pos¬ 
sible very close temperature control. The hydraulic i)ress operates at 
a rapid rate and compresses the mixture at a high pressure as it comes 
from the mixer. The blocks are cooled by water as they arc conveyed 
from the press. 

Quality of Blocks. The quality of asphalt blocks usually is con¬ 
trolled by specifying the composition and limiting the absorption to 
not more than 0.50 per cent. There is also a density requirement, and 
resistance to abrasion in a rattler of the Talbot-.lones type is occa¬ 
sionally specified. 

Materials for Bedding Course and Filler. The cement mortar bed 
is composed of standard }\)rtland cement and sand; the sand should 
conform to the specifications shown in Table 34. The quick-break¬ 
ing emulsified asphalt described in the first coKimn of Table 6, Chap¬ 
ter VI, is a suitable product for filling the joints of exposed pavements. 


Construction of Asphalt-Block Pacfments 

Mortar Bed. The sand-(‘ement or bituminous mortar is spread 
evenly on the foundation. Steel strips about 4 in. wide and Y\ in. 
deep arc then embedded in the mortar so that their upper surfaces are 
the depth of the blocks below the finished surface of the pavement. A 
slight allowance usually is made for compaction of the mortar bed. 
These strijis are set in jiarallel transverse rows at a distance apart 
about 1 ft less than the length of the straightedge used for striking off 
the bed. The surface of the mortar bed is then struck off with a steel 
straightedge, usually 11 or 16 ft in length, using a short, sweeping mo¬ 
tion. The steel strips are then removed and the spaces which they 
occu])ied are filled with mortar which is smoothed off by means of a 
short board strike. The bituminous mortar of the surfacing type of 
mixture is usually consolidated by rolling. 

Laying the Blocks. The blocks are placed on the mortar bed as 
soon as possible after it has been struck oft* or rolled to grade. Three 
rows of blocks arc usually laid simultaneously by each paver. The 
first row is started with a whole block. If the blocks are the 12-by-5- 
in. size, an 8-in. length is used to start the second row and a 4-in. 
length to start the third row. When ‘^cight-fours” arc used, each 
alternate course, or row, is started with a half-block. This practice 
breaks the joints by 4 in., which tends to eliminate wear along the 
joints. The pavers stand on the blocks already laid when standard 
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blocks are being placed. When “eight-fours” are used, boards are 
placed over the freshly laid blocks for the pavers to walk on. The 
blocks are usually carried to the pavers by laborers. The standard¬ 
sized blocks are tamped lightly with another block to bed them firmly. 
A light wooden tamper, having an area of approximately 2 sq ft, is 
generally used for bedding the “eight-four” blocks. The rows are kept 



Fig. 133. Placing and striking mortar bed on concrete foundation for asphalt- 

block pavement. 

in careful alignment at right angles to the center line of the pavement. 

Filling the Joints. After the blocks are laid, the asphalt emulsion 
is squeegeed into the joints, keeping the surfaces of the blocks as free 
as possible from surplus emulsion. A thin covering of clean, fine sand 
then is broomed over the surface and allowed to remain until the joints 
are filled with emulsion and sand worked in by the action of traffic. 

Protection of Pavement. When a sand-cement mortar bed is used, 
the pavement should be protected from traffic for at least seven days 
to permit hardening of the mortar. 

Non-Skid Construction. A special method of construction of 
asphalt-block pavements is followed on grades, curves, intersections, 
and other locations where a “non-skid” surface is desired. The blocks 
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are placed on the mortar bed, one row at a time, and spacing strips, 
% by 2 in. in size, are set on edge between each two adjacent trans¬ 
verse rows. After the blocks are placed, the strips are removed and 
the joint spaces filled nearly to the top with a free-flowing grout con¬ 
taining 1 part of Portland cement and 1% parts of sand, by volume. 
In about half an hour after pouring the grout and before it has taken 
its initial set, the joints are raked to a depth of not less than % in. 
with a special tool closely fitted to the joints so as to leave a clear-cut 
groove. Drainage of the recessed joints is secured by laying adjacent 
to each gutter a single row of blocks longitudinally with the gutter 
and curb and depressed about % iu. to the raked top of the joints. 
The pavement should be thoroughly wetted about twice a day for 
seven or eight days in order to allow the grout to cure properly. If 
high-early-strength Portland cement is used in the grout, the time 
required for hardening of the grout may be reduced to about forty- 
eight hours. 

Maintenance op Asphalt-Block Pavements 

The maintenance of asphalt-block pavements is not essentially dif¬ 
ferent from that of other block pavements. Damaged blocks are re- 
mov^ed and replaced, and joint-filling material is replenished as re¬ 
quired. These pavements may be resurfaced by bituminous surface 
treatments when surface wear or weathering has caused surface de¬ 
terioration. 
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CHAPTER XVI 


HIGHWAY AND STREET MAINTENANCE 

Highway maintenance consists of the repair and upkeep of 

1. the subgrade and shoulders, 

2. the roadway, 

3. ditches, gutters, and drains, 

4. bridges, culverts, and retaining walls, 

5. guard rails, 

6. signs, 

7. traffic stripes, 

8. trees and shrubbery, and 

9. sidewalks; 

together with the work of 

10. mowing and removal of weeds and brush, 

11. cleaning of pavements, 

12. snow removal, 

13. inspection of road conditions. 

Attention has been called to the fact that, in the performance of 
maintenance operations on any rural highway system, a large amount 
of work is done that is not maintenance but improvement. The term 
^improvement’’ should apply to work and installations that add to 
the capital investment in a highway and are not merely items of tlie 
upkeep and repair of existing portions of a highway. Thus, the in¬ 
stallation of a new driveway culvert is an improvement item, whereas 
the replacement of an existing driveway culvert which has become 
defective for any reason is an item of maintenance. Similarly the 
bituminous surface treatment of a waterbound macadam road or the 
resurfacing of a gravel road is a maintenance item, but the placing 
of a 2-in. bituminous road-mix surface on an existing surface-treated, 
waterbound macadam road is essentially an improvement item. The 
distinction between improvement and maintenance sometimes is not 
clearly defined, but it is desirable to separate the two items as accu¬ 
rately as practicable in order to keep reasonably accurate records 
of cost and in order to assist in the preparation of annual budgets. 
This condition, of course, occurs most frequently on unimproved or 
semi-improved local roads and to a lesser extent on improved local 
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roads and state highways. Many local roads are improved on a piece¬ 
meal plan, particularly with reference to drainage, through necessity, 
and, for the reasons stated, it is desirable to keep a separate record 
of improvements and of maintenance or repairs. 

Street maintenance may embrace the same items as rural highway 
maintenance, although the extent of some items may vary consider¬ 
ably from that on rural highways. 

MAINTENANCE OPERATIONS 

Subgrade and Shoulders. The shoulders of improved roads require 
periodical attention to secure drainage of the road surface to the 
ditches or gutters and to protect the edges of the road surface or 
pavement from breakage or excessive wear. Earth or gravel shoulders 
may be reshaped with a blade grader of either the hauled or self- 
propelled type. When the maintenance of shoulders on paved roads 
is difficult because of traffic turn-offs or because of the nature of the 
soil, surfacing of the shoulders with gravel, stabilized soil mixtures, 
or broken stone is often performed. Oiling also is used in some loca¬ 
tions. 

The correction of defective subgrades often is a major item of 
maintenance, particularly in areas subject to frost heave. Drainage, 
replacement of defective soils, and the other methods of stabilizing 
subgrades which have been previously described, are used to correct 
unsatisfactory conditions. 

The repair of slopes in embankments and cuts due to erosion is 
sometimes a costly item of maintenance, and may involve merely the 
filling of eroded areas or the correction of the condition by appropriate 
methods. 

Roadway Maintenance. Methods of maintaining and repairing 
the various types of roadway surfaces and pavements have been de¬ 
scribed in preceding chapters. 

Maintenance of Ditches, Gutters, and Drains. Side ditches which 
have a V-shaped cross-section arc usually maintained by means of a 
blade grader. Ditches having a trapezoidal cross-section require hand 
methods of cleaning. Excessive erosion of ditches frequently is an 
annoying problem on rural highways, and its elimination may require 
the construction of paved gutters, pipe drains, or ditch checks, as 
described in Chapters III and IV. 

Pipe drains and catch basins should be inspected frequently and 
cleaned out before sedimentation has proceeded too far. The problem 
of keeping pipe drains open frequently requires a large amount of 
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work on a highway system, such as a county road system embracing 
1000 or more miles of road. The careful design and construction of 
drains to prevent silting is desirable and will eliminate costly items 
of maintenance. Paved approaches, good grades, tight joints in sandy 
or silty soils, and freedom from sharp bends will do much to prevent 
silting; in some locations paved ditches instead of pipe drains are 
desirable. Pipe drains which have become clogged may often be 
cleaned with a gouge or shovel, connected to hinged rods; this is a 
slow operation, and frequently it may be necessary to open the drains 
at several points to facilitate cleaning. 

Bridges, Culverts, and Retaining Walls. The routine maintenance 
work on bridges consists of cleaning floors, drainage openings, shoes* 
pedestals, and roller nests; removing obstructions in channels; tight¬ 
ening steel members such as laterals, railings, and floor connections; 
routine repairs to floors, railings, curbs, approach guard rails, and 
abutments; and minor repainting. Particular attention is required 
for the proper maintenance of steel bridges to prevent the deteriora¬ 
tion of bridge shoes, expansion devices, and connections below the 
floor level. 

Major maintenance items on bridges comprise v\n)rk that is exten¬ 
sive and include replacements of floors, cleaning and painting steel, 
the protection of footings, channel changes, bank protection, and 
numerous other repairs. Replacement of the floors on old bridges 
often requires strengthening of the structure to accommodate the addi¬ 
tional weight of a suitable floor. 

The repainting of steel bridges often is neglected on local road 
systems and, when rusting has progressed to a large extent, it is some¬ 
times (juestionablc, particularly on small bridges, whether the expense 
of a good job of complete cleaning is justifiable In numerous cases, 
it may he more economical to let the old structure continue to deterio¬ 
rate and replace it when deterioration may create a dangerous condi¬ 
tion. Long-span bridges should not be allowed to deteriorate by 
rusting because of the large cost involved in replacement. Rust can 
be removed by means of scrapers and wire brushes if it is not too 
extensive. The removal of extensive rust requires a sand blast, but 
this is an expensive operation and can be eliminated by proper main¬ 
tenance when needed. Ordinarily, a complete repainting of steel 
bridges will be required every six to eight years with minor repairs 
at more frequent intervals. 

Guard Rails. The item of guard-rail maintenance on some road 
systems often presents a difficult problem, particularly on local high¬ 
way systems embracing roads in all stages of development. The aver- 



350 HIGHWAY AND STREET MAINTENANCE 

age layman has little appreciation of the amount of work or cost 
involved in either the repair or proper elimination of guard rails. 
Well-financed state highway departments have generally been able 
to handle this problem effectively, but many county highway depart¬ 
ments are forced by lack of finances to defer needed repairs, replace¬ 
ments, or elimination for many years. 

Signs. Extremely durable sheet metal signs have been developed 
for use on highw^ays and streets, but repainting and replacements of 
both signs and supports are very significant items in maintenance bud¬ 
gets. The destruction and injury of signs by hunters and children 
often result in large itcans of expense. 

The maintenance of signs on many highway systems often is best 
performed by a special crew of men who devote all their time to the 
work. Some maintenance work on signs can be performed on the 
ground, but much of it can best be done in a shop, and it therefore 
is desirable to have a reserve supply of signs to replace those under¬ 
going repairs. This practice is not possible with direction signs and 
some special signs. 

Mowing. It is ,d(*sirable to remove weeds, cut high grass, and 
remove brush as it appears on rural highways, not only from the 
view{)oint of appearance but also because such operations increase 
safety and facilitate drainage. Methods of doing this work vary 
greatly according to the nature of the ground surface. Mowing can 
be most effectively p(‘rfonned by means of power mowers where 
ground conditions jierniit. Power mowers are available which have 
mowing speeds up to 5 or (3 mi per hr and transportation speeds up 
to 25 mi jier hr; these mowers are equipjied with lifting devices for 
mowing ov(‘r the tops of curbs and with racks for carrying extra cut¬ 
ting blades. Uneven ground and the presence of narrow ditches, guard 
railing, and steep side slopes necessitate hand methods of mowing 
which add greatly to the cost of roadside maintenance. The number 
of mowings jier year will vary according to rainfall and other condi¬ 
tions; generally two to four mowings per season will keep roadsides 
reasonably w(‘ll trimmed, but the extent of mowing will depend upon 
the necessity and upon the financial ability of the highway organiza¬ 
tion. 

Numerous chemical treatments have been developed for the con¬ 
trol of weeds, and some results indicate that valuable progress along 
these lines may be expected. 

Traffic Stripes. Painted stri})es are an effective aid for night 
traffic and are especially desirable on curves and hills. A number of 
state highway departments have developed specially constructed ve- 
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hides for doing this work; hand-operated machines are satisfactory if 
traffic is not heavy. 

Trees and Shrubbery, The care of trees along rural highways 
includes trimming, removal of dead and fallen trees, and protective 
measures such as painting and the construction of retaining walls and 
tree wells. Tree trimming, to be effective, requires skilled workmen, 
and most state highway departments and public utility companies 
have developed coipprehensive instructions to employees engaged in 
this work. 

Cleaning of Pavements. The cleaning of rural highways usually 
is not a very extensive item of maintenance and generally consists of 
the removal of soil washed onto pavements by rains, of debris thrown 
upon them, and of dead animals. In some localities, particularly on 
land-service roads subjected to very light traffic, the removal of rub¬ 
bish piles often is exj^ensive. Some communities have solved this 
problem quite effectively by providing conveniently located public 
dumping grounds. 

Street cleaning is a major item of stre(‘t maintenance in many 
cities and is performed by means of sweeping machines. Hushing ma¬ 
chines, and by hand methods. Motor-driven street sweepers are 
equipped with rotating brooms and with sprinkling and pick-up attach¬ 
ments, and, of course, are most effective on smooth pavements. Hand 
work usually is recpiired at certain seasons of the year to supple¬ 
ment machine sweeping, typical instances !)eing the removal of fallen 
leaves and debris resulting from parades and celebrations. Motor- 
driven flushing machines may consist of a single* truck unit or a truck 
and semi-trailer, usually of large capacity to avoid the necessity of 
too-frequent refilling. Flushing pressures of 30 to 00 lb per sq in. 
are used, and the larger machines are generally e(iuipp(‘d with two 
nozzles on each side, one Ix'ing located near the center and the other 
at the front of the machine. The use of flushing machines is de¬ 
pendent upon large supplies of water being available at low cost, 
and upon sewer systems capable of handling the water and debris. 
Fire hose for cleaning pavements generally supplements either ma¬ 
chine sweeping or machine flushing. 

Snow Removal. Snow removal now is an essential feature of 
rural highway maintenance as w'cll as of municiiial streets and, in 
areas subject to heavy snowfall, requires a large annual expenditure. 

The work of snow removal embraces removal of the snow itself 
and measures for preventing drifts, and projierly includes the sanding 
of icy pavements. 
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Causes and Prevention of Drifts. Snowdrifts are formed in much 
the same way as sand bars in a stream; they are the result of a reduc¬ 
tion in the velocity of snow-laden winds, which causes the snow, or 
a portion of it, to be deposited. Prevention of snowdrifts therefore 
involves the elimination, so far as is physically and economically 
possible, of the principal causes of reduction in the velocity of winds 
at or near highways. This reduction in wind velocity may be caused 
by fences, by hedge rows, by trees, by variations in the ground sur¬ 
face, and by numerous other physical obstacles. Preventive meas¬ 
ures on any highway, therefore, necessitate a careful and intelligent 
survey of the conditions along the highway that are conducive to drift¬ 
ing and the elimination or alleviation of these conditions as far as 
possible. Some of the measures which may be adopted to prevent 
drifting consist of the removal of objectionable fences. This cannot 
be widely undertaken on a large scale, but educational methods look¬ 
ing to a future betterment of conditions may be pursued and only par¬ 
ticularly objectionable fences may actually be removed and replaced. 

One of the most effective measures for preventing snowdrifts on 
highways is the intelligent utilization of snow fences. The most satis¬ 
factory type of snow fence consists of wire-woven wooden pickets. 
The pickets usually are in. by % in. by 4 ft in size and spaced 
2 in. apart. This fence is obtainable in 50-ft and 100-ft lengths, the 
former being more convenient to handle. Steel fence posts, usually 
U-shaped, serve to support the pickets, the fence being fastened to 
the posts by wire ties. The posts should have bearing plates attached 
about 14 to 18 in. from the bottom end to resist blowing over from 
the force of the wind. In heavy-snow regions long posts (7 to 8 ft) 
are used and the fence is raised once or twice during the winter as 
drifts build up in height. Posts 6|4 ft high are satisfactory for light 
to moderate snow conditions. Snow fence should be erected at a con¬ 
siderable distance from the roadway, usually 50 to 100 ft, depending 
upon snow conditions. Proper locations for snow fences can be deter¬ 
mined only by a study of drifting conditions along each highway. Care¬ 
ful observation over a period of years will reveal the best locations. 

Snow Removal on Rural Highways. Equipment for removing snow 
from rural highways includes: 

1. Trucks equipped with V-plows. 

2. Trucks equipped with straight-blade plows. 

3. Trucks equipped with scraper blades. 

4. Tractors equipped with V-plows. 

5. Rotary snow plows. 

6. Blade graders. 
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The proper kind of equipment for snow removal depends upon road 
and snow conditions, upon funds available, and upon the particular 
standard of cleaning which may be or must be adopted. 

Truck plows are most widely used for snow removal because of 
their rapid movement. The straight-blade truck plow is ideal if a 
sufficient number of units is available to operate over the required 
area while the snow is falling. Straight-blade truck plows may be 
operated at comparatively high speeds, up to 25 mi per hr, on fairly 
smooth road surfaces. They clean the snow closer to the road sur¬ 
face than V-plows do. Straight-blade plows often are used after 
V-plows to clean the snow left on the surface by the V-plows and to 
push the snow farther out. 

V-plows for use on motor trucks are of two types, the speed plow 
and the heavy-duty plow. The speed plow is used in place of blade 
plows and will handle drift conditions more effectively than straight- 
blade plows. Speed plows are not equipped with wings. 

Heavy-duty V-plows, with and without wings, are desirable where 
heavy snow conditions are encountered. They usually operate at 
speeds up to 25 mi per hr without the wings in operation Both wings 
can be used only wdien snow and traffic conditions will permit, and 
sometimes only the right wing is used to permit traffic to pass. Hy¬ 
draulic or air-operated plows are desirable. Sometimes the wings are 
operated hydraulically, but most operators prefer mechanically oper¬ 
ated wings because of their greater strength. 

Truck equipment is of great importance in handling snow. Units 
of 2% to 5 tons arc used most extensively, jireference under mod¬ 
erate to heavy conditions being given to trucks of 4- to 5-ton ca¬ 
pacity. Four-wdieel-drivo trucks are used where very heavy snows 
are encountered In general, large balloon tires are preferable to dual 
pneumatic tires on rear wheels because they “track” with the front 
wheels and provide greater traction. Trucks must carry some load 
as “ballast,” and the load should be balanced between front and rear 
axles; the tendency is toward carrying too much of the load too near 
the front of the truck. 

Tractor plows were employed quite extensively before pneumatic- 
tired trucks came into wide use but have largely been superseded by 
truck V-plows. Tractor pl()w\s are slow in operation but arc useful in 
heavy drifts which cannot be removed by truck plows. Many high¬ 
way maintenance organizations utilize them as emergency equipment, 
moving them from place to place on large trailers hauled by trucks. 

A rotary snow plow consists of a cutting arrangement ahead of a 
V-plow which conveys the snow to a fan which throws it at right 
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angles to the road. This type of plow is a very expensive piece of 
equipment and is used for very heavy snow conditions. It will re¬ 
move snow up to depths of 8 to 10 feet. 

Trucks equipped with scraper blades and self-propelled motor 
graders often are useful for removing light snowfalls and for clean¬ 
ing the snow left by V-plows. 



lourtfHif 0} lUnna Jtept of Htghioays. 
Fi(. 136 RottUV Miow 


Snow removal is essentially an emergency problem, and a care¬ 
fully trained organization is tlierefore essential The methods to be 
followed and the plan of the organization should he worked out well 
in advance of the first snowTall. Regularly em])loyed maintenance 
employees should serve as the basis for the snow-removal organization 
because of their familiarity wuth topographical ami other conditions, 
but arrangements should be made ahead to have additional forces 
which may be called into service in times of heavy snowfall. 

The equipment should be in good working condition and should 
be located at conveniently reached points for starting operations. 
The work of snow removal should be under way by the time the 
snow has reached a depth of approximately 3 in, and should be in 
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continuous operation until the snowfall has ceased and the roads have 
been cleared of snow. If truck plows are used their routes should be 
rather carefully worked out, and each truck should carry two or more 
laborers with hand shovels to handle short drift conditions which may 
develop. An essential feature of the organization is provision for 
moving men and equipment from one section to another, to handle 
bad drifts or unusually heavy snow. This requires a central oflSce 
which may be quickly reached by telephone and a system of making 
frequent reports by the various units of the organization. Radio con¬ 
trol has been used to a limited extent and gives promise of useful¬ 
ness. 

Snow removal involves long hours, and is disagreeable and uncom¬ 
fortable work. Good morale must, therefore, be established in order 
to keep up a working spirit. Selection of foremen and machine opera¬ 
tors from this viewpoint is an important feature of snow-removal or¬ 
ganization. Trucks should be equipped with the exhaust type of wind¬ 
shield defrosters, with cab heaters, fire extinguishers, and proper tools 
to do effective work. 

A well-equipped shop, operated by skilled mechanics, and supplied 
with snow-plow parts, tire cliains, extra rear axles, and other truck 
parts, is essential for effective snow removal. 

Snow Removal in Municipalities, Snow removal from municipal 
streets differs from that on rural highways principally in two re¬ 
spects: preventive measures which may be taken are generally few 
and are confined to outlying areas in which the streets are essentially 
rural highways; and methods of removal must generally include pro¬ 
vision for immediate or early disposal of the siu)w. 

Snow is generally removed from municipal streets by plowing, by 
panning, and by flushing. The first method is most common; it con¬ 
sists of plowing the snow into piles or windrows with motor-driven 
plows, loading it into vehicles, and hauling it to places of disposal. 
Road graders are frequently used for plowing. Loading is generally 
performed by hand shoveling, but large quantities of snow arc often 
handled by special snow loaders wdiich load the snow into trucks and 
trailers. Small tractor plows are useful for removing snow from side¬ 
walks. 

Panning snow consists of pushing it into the sewer manholes with 
large scrapers. This method is usually most efficient in combination 
with plowing on account of the ease of moving windrows of snow. 

Flushing of snow by means of fire hose or flushing machines is an 
infrequently used method because of the many limitations which af¬ 
fect it. 
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Methods of snow removal depend upon local conditions relative to 
disposal locations and upon economical features. Sewers offer the 
most convenient and economical means of disposal, but their utilization 
depends upon their gradients, their size, the snowfall, and the normal 
flow in the sewers. Snow can be dumped directly from vehicles into 
sewers that have a normal flow of 10 or more cu ft per sec; for smaller 
sewers and those with light grades, care must be taken in putting the 
snow into the sewer in order to prevent clogging. In some cases it may 
be desirable to increase the flow by connecting the water supply with 
the sewers at a few convenient locations. 

Where the sewers cannot be utilized for disposal it is necessary to 
haul the snow to convenient places of disposal, such as vacant lots, 
watercourses, or outlying districts where it will not be objectionable. 
Trailers are efficient in connection with trucks for hauling snow, on ac¬ 
count of the light weight of the snow. 

Municipalities offer good opportunities for organizing snow-removal 
forces. The area to be cleaned is more compact than in a rural com¬ 
munity, and large numbers of men employed in other municipal de¬ 
partments can be made available for snow removal. Traction and bus 
companies cooperate in the work of snow removal, and the cooperation 
of the ])olice department is of great advantage. As in rural communi¬ 
ties, the work should be planned well in advance of the snow season, 
and every responsible member of the snow-removal organization should 
know his duties and have the necessary ecpiipment in good condition 
and available for immediate use. 

Sanding of Icy Pavements. The safety of traffic requires the sand¬ 
ing of icy pavements at locations of potential danger, such as ap¬ 
proaches to highway and lailway intersections at grade, curves, hills, 
and high embankments. A moderately coarse sand is desirable on rural 
highways; city street departments usually prefer ashes because they 
are lighter in weight and are more easily carried away by sewer 
systems. Supplies of sand should be stored at a large number of con¬ 
venient locations on rural highway systems, and the addition of one 
sack of calcium chloride per cubic yard of sand will prevent freezing of 
the sand into large masses which are difficult to handle. Sand is ap¬ 
plied by means of hand shovels or by spreaders of the type used for 
spreading mineral aggregate for surface treatment. 

Inspection of Road Conditions. One of the most important fea¬ 
tures of rural highway maintenance, particularly in connection with 
local road systems, consists of the frequent inspection of the condition 
of roads. The ordinary routine of maintenance operations keeps em¬ 
ployees in touch with conditions on many roads in a highway system, 
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but it frequently happens that some roads are not seen by maintenance 
employees for periods of one to several weeks. This is particularly 
true on land-service roads which are well improved or not improved to 
any appreciable extent, and may not require extensive maintenance 
operations. Frequent inspection of roads, especially after storms, will 
enable maintenance organizations to take prompt care of dangerous 
conditions which may arise. 

ORGANIZATION AND CONTROL OF MAINTENANCE OPERATIONS 

The organization of maintenance forces varies greatly, and the ar¬ 
rangement of work, types of equipment, and methods of supervision 
depend upon the kind of highway system, upon the types of road sur¬ 
faces, upon topographical features and the layout of the road system, 
upon financing conditions, and upon many other conditions. Thus, a 
highway system composed principally of concrete pavements and 
gravel roads will require a different arrangement for maintenance from 
one in which bituminous types of pavements and wearing surfaces pre¬ 
dominate. 

Maintenance Crews. Maintenance operations are very varied in 
nature, and some items of work are best performed by general main¬ 
tenance crews while other items are more effectively performed by 
special crews which devote all, or practically all, their time to the 
same or similar operations. 

The transportation of workmen and the convenient storage of 
equipment are important considerations, and the division of highway 
systems into districts is necessary on state highway systems and is de¬ 
sirable on most county highway systems. Area, road mileage, topog¬ 
raphy, and types of road surface are important factors in the division 
of a highway system into districts. An average road mileage of 100 to 
150 miles generally is sufficient for inclusion in a county maintenance 
district in moderately populated areas with a variety of road types; 
many state highway districts contain a lesser mileage on account of 
the distance of travel. Maintenance of roads in a maintenance dis¬ 
trict usually is in charge of a district foreman or superintendent. 

Special maintenance crews are desirable for performing such work 
as rail and sign maintenance, extensive patching or resurfacing of 
pavements, surface treatment, concreting operations, extensive placing 
or replacing of ])ipe drains, extensive bridge painting, and other op¬ 
erations. The work of such crews usually embraces more than the area 
of a maintenance district, and their work can best be assigned and con- 
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trolled by a general superintendent who has jurisdiction over the en¬ 
tire maintenance program. 

General maintenance crews are useful for performing general items 
of work such as routine patching, floating and grading of surfaces and 
shoulders, minor bridge and culvert repairs, ditching, cleaning of 
drains, mowing and removal of weeds and brush, application of cal¬ 
cium chloride, and many similar items. 

Maintenance Headquarters. Maintenance yards, equipped with 
storage garages, and plenty of room for the storage of materials which 
must be received by rail shipment, are essential for effective main¬ 
tenance. County maintenance departments should have one or more 
well-.equipped shops, and district yards should have shop facilities for 
minor repairs to equipment. Railroad facilities are desirable in many 
cases but frequently need not be provided at all district headquarters. 

Many large county highway departments have made effective sav¬ 
ings by installing bulk gasoline stations and distributing gasoline to 
district yards and, in some cases, direct to eciuipment. 

Purchase of Equipment and Materials. Maintenance organizations 
use a large amount of equipment and large quantities of materials, and 
effective purchasing is essential to economical operation. Some state 
laws surround the purchasing of ecjuipinent and materials with definite 
restrictions whereas others confer a large amount of discretionary 
power on highway officials. It is desirable to purchase many materials 
in large quantities in order to secure bulk discounts. 

Some highway departments install their own equipment for produc¬ 
ing sand, gravel, and stone aggregates; others find it equally eco¬ 
nomical to purchase such materials from commercial producing com¬ 
panies. Unless unusual conditions are i)resent, it usually is desirable 
to follow the latter practice. 

Cost Records. The value of accurate records of the cost of main¬ 
tenance is obvious, and many highway departments have developed 
very effective methods of keeping cost records. The })rincipal items 
of maintenance costs are labor, materials, tools, equipment, and 
supervision and administration. 

Some cost record systems atteiiq)t to record maintenance expendi¬ 
tures in too great detail. The necessity of too intricate a classification 
of costs, in the opinion of the author, is questionable. Highway sys¬ 
tems should be divided into a sufficient number of maintenance sections 
to give a reasonably accurate picture of the cost of maintenance on 
various parts of the system, but a large amount of detail involves large 
costs for office work. The author found it convenient, in one county 
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highway department, to record maintenance expenditures, by road sec¬ 
tions, under the classifications of annual maintenance and periodic 
maintenance, the former being subdivided according to labor, ma¬ 
terials, equipment, etc., without any attempt to separate the various 
operations, and the latter being segregated according to the kind of 
work. Thus, the total cost of ordinary routine maintenance and 
the detailed cost of such periodic items as surface treatment, bridge 
and culvert replacement, extensive bridge painting, resurfacing, and 
other major items, was readily available for comparison and analy¬ 
sis. 

Charges for equipment usage may be made to individual road sec¬ 
tions by assigning hourly rental rates to individual items of equipment 
or by spreading the total cost of equipment, including depreciation, as 
a percentage of the total direct charges, exclusive of equipment. The 
former procedure is most desirable for accuracy, but it involves more 
ofiSce work and accurate records of each item of equipment must be 
kept in order to develop accurate rental rates. 

Legal Responsibility to Maintain Roads in Safe Condition for 
Travel. The legal liability of municipalities, townships, counties, and 
states for the condition of streets and roads becomes important when 
damage to vehicles, occupants of vehicles, or pedestrians occurs as the 
result of some defective condition. 

It is a general rule of common law that townships, counties, and 
the state are not liable for damages caused by defective roads unless 
liability is provided by statute. This rule of no liability is based on 
the theory that the state is the sovereign power, that townships and 
counties are divisions of the sovereign power, and that the sovereign 
power, being supreme, cannot be sued. The desirability of extending 
relief for damages under some conditions is recognized in some states 
which provide for a court of claims or a commission of claims to pass 
on petitions for compensation for damages. The *^no liability^^ rule 
of common law has been held to apply to municipalities in some states; 
in others the courts have held that municipalities are liable for the con¬ 
dition of streets on the principle that municipalities are compact cor¬ 
porate units which are created for local benefit and have officers who 
have authority to act promptly in cases of emergency. 

Some states have abrogated the common-law rule of no liability by 
the enactment of statutes which attempt to define a standard of safe 
road conditions and describe the conditions under which governmental 
units become financially responsible for damages sustained. Michigan 
laws, for example, state that ‘Tt is hereby made the duty of townships, 
villages, cities, or corporations to keep in reasonable repair so that they 
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shall be reasonably safe and convenient for public travel, all public 
highways, streets, bridges, sidewalks, cross-walks, and culverts that are 
within their jurisdiction,” and provide that negligence shall be con¬ 
clusively presumed if defects are proved to have existed for a period 
of thirty days or longer. 

The propriety of placing responsibility for damages upon public 
highway organizations for all highways regardless of the status of 
their improvement is debatable. Many local highways which are un¬ 
improved or semi-improved have some characteristics which might be 
construed as dangerous or defective, and the amount of money required 
to eliminate the undesirable conditions would be extremely large; it is 
very questionable that the emergency powers conferred by statute on 
public officials are sufficient to enable them to undertake an extensive 
program of betterments to remove dangerous conditions. The avoid¬ 
ance of liability for damages due to road conditions by the erection 
and maintenance of appropriate warning signs is provided by statute 
in some states. 
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CHAPTER XVII 


SURVEYS, PLANS, SPECIFICATIONS, AND SUPERVISION 
OF CONSTRUCTION 

The term ^Construction” may properly describe operations which 
are involved in either highway improvement or highway maintenance. 
Highway improvement generally is understood to refer to additions to 
the capital investment in a highway, whereas highway maintenance 
refers to the upkeej) of the highway, including the replacement of vari¬ 
ous features. Many highway improvements embrace comparatively 
simple operations which do not require surveys or elaborate plans, and 
such imi)rovcments often are performed by maintenance employees in 
the course of their i;egular duties; examples of such iinj>rovements are 
the construction of additions to a pipe drain, tlie construction of a short 
section of guard railing, the construction of a drainage ditch, and the 
construction of a pipe culvert. On the other hand, some maintenance 
operations, such as the replacement of a bridge or of a section of pave¬ 
ment, may recpiire surveys and elaborate ])lans. The discussion which 
follows refers to complete highway improvements, and it should be un¬ 
derstood that tlie nature and extent of the work of making surveys, 
preparing jilans and specifications, and supervising construction will 
depend upon the requirements of a given }m>ject. 

The procedure involved in the complete improvement of a highway 
from an unimi)roved or semi-imj)roved to an improved condition em¬ 
braces : 

1. A survey or surveys of the proposed improvement. 

2. The preparation of ])lans and specifications. 

3. Financing the improvement. 

4. Procurement of needed right-of-way. 

5. Award of contract (unless the work will be done by day 
labor). 

6. Supervision of construction. 

SURVEYS 

The numerous types of surveys made for highway and street pur¬ 
poses include location surveys, surveys for improvement, soil surveys, 
and construction surveys. 
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Location Surveys. Location surveys are essential prerequisites for 
the establishment and improvement of individual highways and for 
the selection of highway routes. The location of a highway may vary 
from a comparatively simple procedure for a purely land-service road 
to a highly complicated study for a section of heavily traveled through¬ 
highway. The considerations involved in location are accessibility, 
adaptability to suitable design standards, safety, and economy. 

Location surveys may embrace reconnaissance surveys, preliminary 
surveys, and final location surveys. 

Reconnaissance Surveys. A reconnaissance survey is made for the 
purpose of selecting the general location of a highway. It may em¬ 
brace a survey of a large area of unbroken country not already 
traversed by a highway or it may consist of an examination of sev- 
(‘ral existing roads for the purpose of selecting the location of an 
entire route or portion of a route; it is made by walking, riding, or 
flying over the ground and studying the road conditions from the view¬ 
point of the factors already described. Even when the survey is made 
by airjilane or automobile, some measurements and observations must 
be made on the ground; necessary equipment usually will include a 
50-ft steel tape, a flexible level rod, a compass, a hand level, and an 
axe. 

Preliminary Surveys. Preliminary surveys may be extensive or 
short and may embrace large areas. They usually are preceded by a 
reconnaissance survey, particularly when a large area of rugged terrain 
is involved, but may involve reconnaissance features in themselves. 
Preliminary surveys may be conducted by running several transit lines 
and taking cross-section levels, or they may make use of stadia, plane- 
table, and aerial surveys Their purpose is the securing of sufficient 
information definitely to locate a highway according to jiredetermined 
requirements or to permit the selection of one of several locations. 
Aerial pliotograpliic surveys are particularly adaptable to rough coun¬ 
try, over swampy areas, and to congested areas around cities; a spe¬ 
cially designed stereoscope makes elevations available for mapping. 

Final Location Surveys. Final location surveys are made for the 
purpose of definitely locating the road on the ground with reference to 
governmental land lines; they may, and often do, embrace the work 
necessary for preparing plans for imiirovement. Many final location 
surveys, however, are made solely to locate road boundaries, and when 
this is the purpose they are identical in many respects with land sur¬ 
veys. The boundaries of the road right-of-w’ay, when traffic conditions 
permit, may best be established by running a transit line which coin¬ 
cides with the center line of the right-of-way; sometimes curves, varia- 
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tions in the width of right-of-way, and tlie necessity of securing vari¬ 
ous shapes of property make this procedure impossible. The placing 
of monuments at road boundaries, along road center lines, or on si)ecial 
reference lines is an important feature of final location surveys. Level 
surveys arc not a necessary part of final location surveys unless in¬ 
formation on ground elevations and other elevations is desired. 

Surveys for Road Improvements. Surveys for road improvements 
are made primarily as a basis for design and the preparation of plans; 
they may embrace an entire road or sections of a road, depending 
upon the nature and extent of the proposed improvement. They may 
include all the features of a final location survey, ])articularly if the 
initial improvement of a road is involved. 

These surveys usually eml)race a transit survey, a level survey, and 
the securing of topographic details. 

The Survey Party. The personnel of a survey party varies greatly. 
On short surveys the party may consist of a surveyor and one or two 
rodmen. On large surveys several instrumentmen, recorders, chain- 
men, and rodmen are required, and they may be accompanied by a 
locating engineer. ' 

Location of the Uiyhway Boundaries. The first work of the survey 
party consists of the location of the highway boundaries. This often 
is a simple o|K*rati()n if the highway is located along a section line or 
monuments defining its boundaries have previously been accurately 
placed and witnessed. R(*cords establishing the location of roads 
should always be examined, although many records are defective or 
not available. In some cases it may be necessary to secure new re¬ 
leases or deeds to establish definitely the location of highways. 

The Transit Line. It is desirable to have the transit line coincide 
with the cent(*r line of the traveled surface or pavement or wdth the 
center line of the right-of-way; this is not always possible on roads 
where traffic is heavy, and so an offset line is used. 

Staking the Line. Marker stakes usually are placed at regular sta¬ 
tion (lOO-ft) intervals along one or two offset lines on either side of 
the center line; they are used for taking levels, for obtaining topo¬ 
graphic details, and for locating various features of the work during 
construction. 

Topographic Details. Complete information relative to the topo¬ 
graphic features along the right-of-way is essential to the proper design 
of the im]>rovement and preparation of plans. The following outline 
shows the most important details to be observed, measured, and re¬ 
corded. 
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1. Government land corners and lines. 

2. Property lines and fence lines. 

3. Trees, pole lines, shrubbery. 

4. Buildings adjacent to the road. 

5. Sidewalks and driveways, private roads. 

6. Parks and cemeteries. 

7. Watercourses (streams, open drains, lakes, etc.). 

8. Bridges and culverts; type, span, width, waterway areas, 
condition, direction of flow, elevations, profile of bottom of 
stream or channel for 500 to 1000 ft on either side of the 
road, information regarding high water and erosion. Some¬ 
times the drainage area of culverts is obtained. Sketches 
of bridges generally should be made. 

9. Railroad crossings; location and angle of crossing, eleva¬ 
tions of top and bottom of rails, profile of rail for at least 
1000 ft on each side of crossing, description of cnvssing con¬ 
ditions, including sight conditions, signals, signs, nearby 
switch or passing tracks. 

10. Railroad grade separations; elevations, widths, clearances, 
type, size, condition, drainage. Sketches arc generally 
needed. 

11. Railroad bridges and culverts. Same information obtained 
for highway bridges and culverts. 

12. Pipe drains; location, type of pipe, size, condition, inlets, 
grade. 

13. Miscellaneous highway structures; guard railing, retaining 
walls, signs, spillways. 

14. Stock crossings. 

15. Governmental bench-marks. 

The Level Survey. The U. S. Geological Survey and the U. S. Coast 
and Geodetic Survey have established bench-marks in various parts 
of the United States. The elevations of these bench-marks are referred 
to mean sea level. Where available, these bench-marks should be 
used. Some highway organizations have established their own datum. 
If governmental bench-marks are not available it is the usual prac¬ 
tice to assume a datum. Care should be taken to assume a datum 
which is lower than all elevations along the survey, as otherwise minus 
elevations would occur. Permanent bench-marks must be established 
along the right-of-way for use during construction. In level or gently 
rolling country one bench-mark every quarter mile is sufficient, but in 
rough country they should be established at more frequent intervals. 
Bench-marks should also be established in close proximity to locations 
where bridges, culverts, retaining walls, and other structures are to be 
built. Points selected for bench-marks should be free from the possi¬ 
bility of damage. Permanent concrete structures arc suitable. A 
heavy spike driven into the base of large trees at or just above the 
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ground line is very frequently used. Where no suitable natural 
benches are available, iron pipe or iron rods, in lengths of 4 ft or more, 
may be used. All bench-marks should be accurately described in the 
notes so that they may be easily located at any time. 

Bench levels should be taken before running the cross-section levels. 
It is quite common practice to check the bench levels at the time of 
taking the cross-section levels by using each bench-mark as a turning 
point. Tliis jmictice is open to the objection that, if errors are made, 
extensive corrections in the notes may be necessary. For this reason, 
many engineers prefer to check the bench levels before taking any 
cross-section levels. The elevations of bench-marks should check 
within 0.05 ft ))er mile. 

Cross-section levels are taken at every station and at intermediate 
points where an a{)preciablc change in the cross-section or in the profile 
occurs. Th(‘ levels should be taken at sufficient distances on each side 
of the center line to extend beyond the limits of excavation and em¬ 
bankment. In addition to the cross-section levels, readings should be 
taken on all intersecting roads and driveways so that a profile may be 
drawn to aid in the design of the improvement. 

Soil Surveys. Surveys of subgrade soils may b(‘ made for the 
purj)ose of determining the causes of subgrade failures on roads already 
improved or for the imrpose of designing and pre])aring plans for im¬ 
provement, and may be extensive or comparatively simple. Methods 
of making soil surveys and prei)aring drawings of soil profiles will be 
found in the Standards of the American Association of State High¬ 
way Officials and the American Society for Testing Materials. 

Surveys for Street Improvements. City streets generally are laid 
out a long tim(‘ in advance of im])rovenient, and street monuments are 
located for future reference. A tran^t line oft(*n is run but may be 
omitted on straight streets. All features which may affect the design 
or construction are noted, and cross-section levels are taken at inter¬ 
vals of 50 or 100 ft and at such intermediate cro.ss-sections as the con¬ 
tour of the ground surface requires. Levels are taken on all intersect¬ 
ing streets, on all adjacent sidewalks, at all existing drainage inlets, 
and for all proposed new drainage facilities. 

Construction Surveys. Various surveying operations are neces¬ 
sary prior to and during construction, and their extent depends upon 
the nature and extent of the construction. On extensive projects, par¬ 
ticularly when jierformed by contract, tliey include setting stakes for 
grading, setting stakes for drains, curbing, paving and other structures, 
cross-sectioning of borrow pits, and miscellaneous staking, checking, 
and measurement. 
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Slope stakes generally are set for heavy and medium earthwork; 
grade stakes commonly are used for light grading. Pipe drains, spe¬ 
cial ditches, curbing, and pavement require stakes to be set for line 
and grade. Structures such as culverts, bridges, and retaining walls 
require stakes to be set from which the outline of the structures is 
given and elevations may be obtained. Long lines of guard railing 
sometimes are located with a transit but in many cases can be located 
from pavements (such as concrete) which have regular and well-de¬ 
fined edges. 

Small construction projects may be adapted to comparatively sim¬ 
ple staking operations. Earth grades can be formed on comparatively 
level roads by means of blade graders, for example, by setting a row 
of light stakes about 100 ft to 200 ft apart on line with the inside edge 
of each ditch bottom; these stakes are destroyed in making the first 
cut with the grader. 

The details of construction surveys are discussed in standard sur¬ 
veying handbooks and will not be further described here. 

PLANS AND SPECIFICATIONS 

A complete set of plans for the improvement of a highway includes: 

1. A location sketch of the proposed improvement. 

2. Typical cross-sections of the proposed improvement. 

3. The plan and profile of the road. 

4. Earthwork cross-sections. 

5. Construction details, such as bridges, culverts, guard rails, 
curbs, gutters, spillways, joint installations, superelevation 
and widening o^ curves, etc. 

The various steps in the preparation of a complete set of plans are 
as follows: 

1. Drawing the location sketch. 

2. Drawing the plan and profile. 

3. Plotting the cross-sections. 

4. Establishing the grade line. 

5. Preparation of drawings showing ct)nstruction details and 
the design of all structures. 

6. Field inspection. 

7. Completion of the plans. 

8. Checking the plans. 

9. Preparation of estimate of quantities. 

Size of Plans. Most state highway plans are placed on sheets 22 
by 30 in. in size, the distances between border lines being 21 by 33 



368 


SURVEYS, PLANS, SPECIFICATIONS 


in., which provides a iTiargin on three sides and a 2-in. margin 

at tlie left of each sheet for binding. Sheets of this size have been 
adopted as standard by the U. S. Public Roads Administration. 

The Location Sketch. An accurate sketch or map showing the 
location of a highway improvement is an essential feature of the plans 
for a project to be constructed by contract because it establishes the 
location where the work is to be done and provides for a mutual un¬ 
derstanding by the parties to the contract. On federal-aid projects 
the location sketch forms a part of the title page, which usually con¬ 
tains, in addition, the name and number of the project, a legend of con¬ 
ventional signs, an index of the drawings included in the set of plans, 
and spaces for the signatures and dates of signatures of officials who 
approve the plans. 

The cost of plans and of prints for many highway projects can be 
reduced to some extent by placing the usual title-page data on the plan 
and profile sheets, by placing additional information on the title page, 
or by reducing the size (usually in one direction, only) of the title 
page. Such procedure often is desirable on plans for many local road 
projects, i)articularly when th.e nature of the improvement makes elab¬ 
orate plans unnecessary. 

The Plan and Profile. The plan of a road generally is drawn to 
a scale of 1 in. = 100 ft and includes the following information: 

1. The center line of construction. 

2. The boundaries of the right-of-way. 

3. Compass or calculated bearings of tangents. 

4. Curve data, including points of beginning and ending, points 
of intersection of tangents (unless impracticable), the radius 
and degree of curvature, the center point of the curve, and 
deflection angles. 

5. Station points. 

6. Streams, railroads, buildings, fences, pole lines, and other 
structures on the right-of-way. 

7. Existing drainage structures, with description of types and 
sizes, with notation as to their disposal. 

8. Proposed drainage structures, with description of types and 
sizes, and reference to the structural plans to be used. 

9. All other proposed structures, with description and reference 
to the structural plans to be used. 

10. Other details which must be included in the improvement. 

When a large amount of detail must be included on the plan a scale 
of 1 in. — 50 ft, or even a smaller scale, is often used. 

The profile, for convenience, is placed on the same sheet with, and 
directly below, the plan (see Fig. 137). The horizontal scale is, there- 
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fore, the same as for the plan. A distorted vertical scale is almost 
always used, a scale of 1 in. to 10 ft being most common. The fol¬ 
lowing information is shown on the profile: 

1. Elevation lines, usually marked for each 10 ft. 

2. Station ordinate lines. 

3. The profile of the existing surface of the old road or of the 
earth on the center line of construction drawn as a series 
of connecting straight lines. 

4. The grade line of the surface of the finished pavement or 
surfacing, or the grade line of the subgrade of the improve¬ 
ment, drawn as a series of connecting straight lines. 

5. Elevations at points of change in gradient. 

6. Vertical curves. 

7. The percentage of grade for each continuous grade. 

8. The quantities of earthwork, if possible, between balance 
points of excavation and embankment. 

9. The beds of streams and floors of culverts and bridges. 

10. Elevations of floors of culverts and bridges. 

11. Other special information appertaining to an individual im¬ 
provement. 

The Cross-Sections. The cross-sections of the proposed road are 
generally drawn to a horizontal and vertical scale of 1 in. to 10 ft. and 
show: 

1. The cross-section of the original, or existing, ground surface. 

2. The proposed cross-section of the improvement, exclusive of 
the pavement or surfacing. (Sometimes the elevation of a 
balanced flat-top cross-section is used for convenience, in 
which case the elevation of the top of the cross-section does 
not coincide with the elevation of the subgrade but bears a 
definite and constant relation to it.) 

3. The location (station reference) of each cross-section. 

4. The elevation of the grade line. 

5. The quantity of earthwork between adjacent cross-sections. 

The cross-sections are used in designing the grade, and the loca¬ 
tion of the final section, of course, cannot be shown until the grade 
line is established. 

Establishment of the Grade Line. The first step in the establish¬ 
ment of the grade line consists in the determination of the ruling 
grade for each section of the highway. Each highway organization 
usually has a definite policy in regard to ruling grades, and the estab¬ 
lishment of grades on individual projects is required to conform to this 
policy. 
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Three principal conditions are encountered in the establisliincnt of 
grades, as follows: 

1. Locations where the position of the grade line depends upon 
adjacent topographical features as well as upon economic 
consideratiohs. 

2. Locations where the rates of the existing grades are below 
the ruling gradient and the new grade must be fitted to the 
existing grade. 

3. Locations where grade reduction is necessary in order to 
obtain the ruling grade and where economy of grading opera¬ 
tion is the controlling factor. 

Ta.s'e I: Grades Suited to Adjacent Topography. Municipal streets 
offer a good illustration of this case of grade design. The ecpialization 
of grading quantities is seldom the controlling factor on city streets; 
the grade is more usually influenced by drainage conditions, the value 
of adjacent property, street intersections, sidewalks, and the general 
appearance of the street. This condition is also frequently encoun¬ 
tered on rural liighways, particularly in tiiickly populated sections or 
in locations where physical structures fix definite j)()ints on the grade 
line. Low and swampy areas and approaches to bridges and overhead 
grade separation structures generally require the establishment of a 
grade line which is above the existing ground surface. Under such 
conditions an excess of either excavation or embankment may occur 
in such quantity that it will be necessary to waste excavated material 
which is placed in convenient “spoil banks^’ or to obtain material for 
embankments from conveniently located “borrow pits.” 

Case II: Existing Grades below Ruling Gradient. In those loca¬ 
tions where the existing grades are below the ruling grade, the estab¬ 
lishment of the grade line is largely a matter of judgment in fitting the 
new grade to the existing grade so as to obtain a comfortable riding 
surface, which presents a good appearance with a minimum amount of 
grading. 

Case III: Balanced Grades. In many rural section.s in rolling 
country grade reduction may be effected by balancing (piantities of 
excavation and embankment. Where adjacent jiroperty is not seri¬ 
ously affected this method of establishing grades is most economical. 
The object to be accomplished consists in locating the ruling gradient 
so that the quantity of excavation will just balance the quantity of 
embankment with proper allowances for shrinkage. 

A practicable method of attack consists of plotting the existing 
profile and locating trial grades by means of fine thread stretched over 
the profile and held in place by pins which permit of easy changes 
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without the erasure of penciled lines. The trial grade line should be 
laid by attempting to balance the cuts and fills visually. Frequent 
reference must be made to the cross-sections inasmuch as the depth of 
excavation or embankment on the sides of a highway is often very dif¬ 
ferent from the depth on the center line. After the trial grade has been 
located, vertical curves should be computed where necessary. An esti¬ 
mate of the quantities of excavation and embankment is then made. 
These quantities will seldom balance each other on the first trial, and 
adjustments in the grade must be made until a balance is obtained. 
The grade lines then are indicated on the profile in pencil. 

Quantities of Earthwork. Quantities of earthwork are determined 
by plotting cross-sections at each station, and at those substations 
where “breaks” occur in the natural surface of the ground. These 
cross-sections are usually plotted with the aid of templates. The areas 
of these cross-sections may be determined by means of a planimcter, 
although in certain cases the areas may be computed as rapidly as they 
may be planimetered. Whether computed or determined by means of 
a planimcter, the area of each cross-section should always be care¬ 
fully checked. 

The volumes of excavation and embankment are usually computed 
by the average-end-area formula: 


V = + A 2 ) 

27 


(50) 


ill which V = the volume, in cubic yards. 

Ai and A 2 = the areas of each of the cross-sections, in square feet. 

I = the distance bc'tween the cross-sections, in feet (usually 
100 ft = 1 station, except where cross-sections at shorter 
intervals are necessary). 


A convenient table for obtaining the volumes of earthwork corre¬ 
sponding to various sums of end-areas of adjacent cross-sections will 
be found in Appendix B. 

Shrinkage of Earthwork. In computing quantities of earthwork an 
allowance must be made for the shrinkage of an embankment. The 
term “shrinkage” is perhaps misleading, but is used in lieu of a better 
term and because of the almost universal use of this designation. The 
shrinkage factor to be used in any given case will depend upon 
experience in the particular locality with various soil conditions. The 
principal condition which influences the correction for shrinkage is per¬ 
haps the depth of the excavation and of the embankment. Another 
important condition is the kind of soil. Vegetation and humus matter 
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in the soil likewise affect the shrinkage, as does also the method of 
forming the embankment. 

The amount of shrinkage must be estimated as accurately as pos¬ 
sible, and various highway departments have adopted general rules, 
which are the result of their experience, for determination of shrink¬ 
age The following factors may be said to present average experi¬ 
ence: 

Excess of Excavation 

Kind of Excavation Over Embankment 

Light work, with considerable sod 30 to 35 per cent 

Light work, without mucli sod 25 per cent 

Medium work 20 per cent 

Heavy work 15 i)er cent 

Hmd of Earthwork. In excavation w’ork of large magnitude, the 
length of haul necessary to place materials of excavation in correspond¬ 
ing embankments exerts an important influence upon the cost of the 
operation. Sometimes it is more economical to waste earth at one 
location and borrow it for making a fill at another location. The prob¬ 
lem in such cases is merely one of economy in which the cost of haul 
must be compared with the cost of excavation. The quantitative de¬ 
termination of haul of excavation is best accomplished by means of 
the mass diagram. 

The ilfas.s’ Diagram. A mass diagram is a curve in which the ab¬ 
scissas represent the stations of the survey and the ordinates represent 
the algebraic sum of excavation and embankment from some point of 
beginning on the j^rofile. Before calculating the ordinates of the mass 
diagram, the (|uantities of embankment involved must be multiplied by 
their proper shrinkage factors. 

Figure 138 shows a mass curve corresponding to the accompanying 
profile of an existing grade and of a new grade line. If there is both 
cut and fill at the same station, it is necessary to use the excess of 
one over the other in computing the ordinate to the mass curve, as 
the fill is then made from the excavation at the same station, the mate¬ 
rial being moved at right angles to the center line of the highway, or 
“cross-hauled.^^ In our consideration of haul we are interested only 
in the longitudinal movement of the material. 

It will be noted from an examination of Fig. 138 that the maximum 
ordinate of the mass curve (when cuts are considered as plus quantities 
and fills as minus quantities) occurs at the point where the cut ends and 
the fill begins; similarly, the minimum ordinate occurs at the point 
where the fill ends and the cut begins, assuming in each case that we 
are moving in the direction of stationing. 
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Inasmuch as the ordinates to a mass curve are plotted from cut- 
volumes and fill-volumes (fill plus allowance for shrinkage), it follows 
that the cut and fill between the points at which any horizontal line 
cuts off a loop of the mass curve will exactly balance Such lines are 
called ^‘balancing lines ” Assuming cuts as plus and fills as minus 
quantities, loops above a balancing line indicate forward hauling, with 
reference to the direction of stationing 



The area between a balancing line and its corresponding loop of 
the mass curve is a measure of the haul invoh ed in making the cut and 
fill between the stations represented by the two points which constitute 
the ends of the looj) Thus, in Fig 138 the area between the balancing 
line AC and the loop ABC is a measure of the haul performed in mak¬ 
ing the fill between b and c from the cut between a and b Haul is 
usually measured in terms of the number of cubic yards of material 
hauled 100 ft, or “station yards 

The number of station yards, or units of haul, in making a fill 
from a corresponding cut, may be computed from the formula 
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in which x = the number of feet per inch of abscissa. 

y = the number of cubic yards per inch of ordinate. 

A = the area between the balancing line and its correspond¬ 
ing loop of the mass curve, in square inches. 

H « the haul in station yards. 

Overhaul of Earthwork, The price paid for excavation in contract 
work usually includes any haul that may be necessary. In cases of 
great variation of haul, however, it is desirable to establish a limit of 
“free haul,” extra payment being provided for hauling all material 
beyond this limit. This extra distance is known as “overhaul” and 
must be computed with respect t(» as mueli of the material as is af¬ 
fected by it. The most common basis of computation of overhaul is 
that recommended by the American Railway Engineering Association, 
which is as follows: 

The limits of free-haul shall be determined by fixing on the profile 
two points—one on each side of the neutral grade point—one in exca¬ 
vation and the other in embankment, such that the distance between 
them shall equal the specified free-haul limit and such that the in¬ 
cluded quantities of excavation and embankment >!iall balance. All 
haul on material beyond this free-haul limit shall be estimated and 
paid for on the basis of tlie following method of computations, viz.: 

All material within the limit of this free-haul shall be eliminated 
from further consideration. 

The distance between the center of gravity of the remaining mass 
of excavation and the center of gravity of the resulting embankment, 
less the limit of free-haul as above specified, shall be the overhaul 
distance. 

Overhaul shall be computed in units of 1 cu yd moved 100 ft, and 
compensation to be rendered therefor shall be comfiuted on such units. 

In case material is obtained from borrow pits alongside the em¬ 
bankment and runways constructed, the haul shall be determined by 
the distance the team necessarily travels. The overhaul shall be de¬ 
termined by multiplying the yardage so hauled by one-half the round 
trip distance made by the team or vehicle, less tlie free-haul distance. 
The runways shall be established by the engineer. 

Overhaul may be computed analytically, but its determination may 
be accomplished more easily by graphical means, making use of the 
mass diagram. In the case of the profile shown in Fig. 138 a free-haul 
limit of 500 ft has been established. The overhaul is determined as 
follows: 

1. The line AC is drawn, parallel to the base line of the mass dia¬ 
gram, such that it is 500 ft long, to scale. A is at Station 32 + 20 and 
C at Station 37 + 20. 

2. The centers of gravity of the excavation and resulting embank¬ 
ment are now determined. The point h is half way between A and A', 
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and the line EF is drawn through h parallel to the base line of the mass 
diagram, cutting the mass curve at E and F. E is the center of gravity 
of the excavation between Station 30 and Station 32 + 20, and, by 
scale, is at Station 31 + 50. F is the center of gravity of the embank¬ 
ment between Station 37 + 20 and Station 38, and, by scale, is at Sta¬ 
tion 37 + 60. 

3. The average haul distance of the excavation from Station 
30 + 00 to Station 32 + 20, to make the embankment from Station 
37 + 20 to Station 38 -f is the distance between the centers of 
gravity, or 610 ft. 

4. The average overhaul distance is equal to the average haul less 
the free-haul distance, or 610 — 500 ft = 110 ft 1.10 stations. 

5. The overhaul on the material from the excavation between Sta¬ 
tions 30 and 32 -j- 20 is equal to the volume of that*material multiplied 
by its average overhaul distance. The volume is equal to A'A, which, 
by scale, is 360 cu yd. The overhaul is, therefore, 360 X 1 10 = 396 
station yards. 

Cross-Section Details. One or more sheets are included in the 
plans to show the cross-sections of wearing courses and foundations, 
the shape of retaining walls, ditches, curbs and gutters, the details of 
joints in pavements, the slope of shoulders and roadsides, the details 
of superelevation and widening of curves, the placing of reinforcement 
in concrete pavements, the location and cross-sections of sidewalks, the 
design of intersections, and details of a similar nature. The locations 
to which these details apply are shown by means of appropriate de¬ 
scriptions. 

Structural Drawings. The designs of culverts, bridges, guard rails, 
retaining walls, and other structures are included in the set of plans. 
The locations of the structures are often indicated by reference to the 
station numbers on the plan and profile sheets, or by reference on the 
latter to the structural drawings. 

Field Inspection. After a grade line has been established and the 
locations and details of cross-sections and structures have been deter¬ 
mined, it is the practice of most highway departments to make a care¬ 
ful and thorough inspection of the proposed design on the site of 
the improvement, using a set of prints of the plans. This inspection is 
made for the purpose of checking the plans against the actual condi¬ 
tions on the ground. Uncertainties in regard to any details are quickly 
adjusted, and errors and omissions are readily corrected. 

Completion of the Plans. After the field inspection has been made, 
the plans are completed in conformity with the information obtained 
from the field inspection. An essential feature of the preparation of 



FINANCING THE IMPROVEMENT 


377 


plans is the careful checking of all details to see that errors and omis¬ 
sions are eliminated. Some highway departments have devised “check- 
sheets’" which are of assistance in checking the details of design. 

Estimate of Quantities. After the plans are completed an esti¬ 
mate of the quantities of each item of work is made, and is expressed 
in the units which form the basis of payment in contract procedure. 
These quantities form the basis for the engineer’s estimate of cost and 
for the preparation of proposal forms. 

Preparation of Specifications. Contract procedure requires the 
preparation of very complete specifications for the improvement. Most 
of the state highway departments and many county and city depart¬ 
ments have prepared, in printed form, standard specifications for high¬ 
way construction. These specifications contain the essential features 
required on all work, and arc supplemented on individual projects by 
special specifications made necessary by special conditions. This prac¬ 
tice is necessary where a large construction program is involved. 
Typewritten, mimeographed, or multigrai)hcd specifications are used 
in connection with small construction programs or single projects. 

The specifications for a highway project usuallv consist of two sep¬ 
arate parts: the general })r()visions, dealing with general features such 
as proposal conditions, the control of the work and materials, the 
prosecution of the work, and methods of measurement and payment; 
and the construction details. Sometimes all material requirements are 
combined in a separate part of the specifications. 

FINANCING THE IMPROVEiyiENT 

Preliminary Estimates. Preliminary estimates are sometimes nec¬ 
essary to determine the practicability of an improvement project and 
sometimes are used as the basis of financing. Necessarily, they are 
based on incomplete information and should tend to be liberal rather 
than conservative. Preferably they should be based on a reconnais¬ 
sance or preliminary survey, and an effort should be made to estimate 
the nature and extent of the various items of work which will be 
required. 

Engineer’s Estimate. The engineer’s estimate is based on the esti¬ 
mated quantities of work obtained from the completed plans, and it 
serves as a basis for financing the improvement and for comparison 
with contractors’ bids. It is made up by assigning unit prices to the 
various items in the estimate of quantities. These unit prices may be 
selected by comparison with prices on similar work, received at about 
the same time; in many cases, however, they should be determined by 
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making a careful cost analysis of each item of work. To the total 
obtained in this way, there should be added a percentage or amount 
to cover preliminary expense, engineering expense, and contingencies. 
Ten per cent is the average percentage for this, but it may be either 

ESTIMATE OF COST OF IMPROVEMENT 
OF 

_ROAD 

Route No- Project No-Length 1.74 miles 

Location- 


Item 

Quantity 

Unit 

Unit 

Price 

Amount 

Roadway excavation 

7,380 

cu yd 

$0 45 

$ 3,321.00 

Excavation of old macadam surface 

2,050 

cu yd 

0 75 

1,537.50 

Borrow excavation 

2,360 

cu yd 

0 55 

1,298.00 

Concrete pavement 

17,830 

sq yd 

2.10 

37,443.00 

Brick pavement 

3,873 

sq yd 

3.90 

15,104.70 

Concrete curb and gutter 

2,642 

lin ft 

0 80 

2,113 60 

Broken-stone shoulders 

3,520 

sq yd 

0.70 

2,464.00 

6-in. vit-clay pipe drain 

620 

lin ft 

0 35 

217.00 

18-in. corr. metal pipe culvert 

280 

hn ft 

200 

560.00 

24-in. corr. metal pipe culvert 

124 

hn ft 

300 

372.00 

Cable guard rail 

640 

hn ft 

0 50 

320.00 

Concrete, Class A 

66 

cu yd 

20 00 

1,320.00 

Reinforcing steel 

352 

lb 

0 04 

14.08 

Sodding 

1,335 

sq yd 

0 30 

400.50 

Trees removed 

3 

each 

10 00 

30.00 

Subtotal 




$66,515.38 

Engineering and contingencies, lO^c 




6,651.54 

Estimated total co.st 




$73,1*66.92 

Estimated cost per mile 




$42,049.90 

Fig. 139 Engineer’s estimate 

of cost of 

impro\ mg 

a rural highway. 

entirely too high or entirely too low. 

A typical 

engineer's 

estimate 


is shown in Fig. 139. 

Authorization of Improvement. The authorization of an improve¬ 
ment may include the submission of a bonding procedure to popular 
vote, the authorization and spreading of taxes, the conduct of hearings, 
and other procedure required by law, or it may involve only a simple 
order on the part of the administrative official or officials in charge of a 
highway department. When bonds must be issued or an appropriation 
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made^ the amount of money provided should be based on the engineer's 
estimate. Many miscellaneous improvements are authorized in much 
the same way as maintenance operations; in fact, they often are in¬ 
cluded in maintenance budgets for the sake of convenience. 

PROCUREMENT OP RIGHT-OF-WAY 

All questions in regard to the land areas occupied by a highway 
should be determined prior to improvement. Right-of-way must be 
secured for new highways, and laws governing highways usually pro¬ 
vide for a very definite procedure to be followed in obtaining right-of- 
way. The location of the boundaries of a new highway may easily be 
determined by means of the location survey, hut the accurate location 
of the boundaries of an existing road is sometimes very difficult on 
account of discrepancies in descriptions in deeds, the absence of ac¬ 
curate records of the establishment of the road, and other conditions. 
In many cases it may be desirable to draw up new documents which 
accurately describe the location of the boundaries of existing roads 
and of changes or additions to the right-of-way. 

Purchase of Right-of-Way. The right-of-way for most highways 
is generally acquired by securing an easement for highway purposes 
from the property owners, but sometimes is transferred by means of a 
warranty deed. A form of release of property for highway purposes is 
shown in Fig. 140. 

Condemnation of Right-of-Way. When the highway authorities 
and the owner of land desired for right-of-way are unable to agree 
upon a price for the property, the land may be condemned by the exer¬ 
cising, on the part of the public, of the right of eminent domain. The 
condemnation of property is a judicial procedure and is conducted be¬ 
fore a court or commission and a judgment is entered. In some states 
delay in securing property is avoided by legislation enacted to permit 
work to proceed after the issuance of an executive order, the question 
of compensation to be decided later. 

AWARD OF CONTRACTS 

Advertising for Bids. Most state laws provide for public adver¬ 
tisement for proposals for highway improvement, and provide time 
limits and other regulations for advertising receipt of proposals. The 
advertisement for bids generally contains the following information: 

1. Time and place of receiving and opening proposals. 

2. Brief description of location and amount of proposed work. 
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3. Place where plans, specifications, and detailed information 
in regard to the work may be obtained. 

4. The right to reject any or all proposals. 

5. Official signatures of officers in charge of the improvement. 


HIGHWAY EASEMENT RELEASE 


for tstf la oooslderation of tte taproTCBtcnt of 8Ut* Tmakliac Hifhiraj. 


•ad otlMr valuable conaUeratlon. tbe receipt whereof la ackuowledced, the underatCMd. 


hereby fr«nt aad coavey to the State of Ulehlcan. aa eauemaat for highway purpowa In over, and upon the pnreela of land 
deacrltwd aa: 


All exlatlng fencea within or opon the above deacrUied parcela of land will be moved to the new right of way line by the 

- before_and all ezlatlng buildinga 

nnd atructuree, other than fencea, may remain where now atandlng onleaa and until tbe State Highway ('ommlaaloner reQueata 
their remotal in whioli caae and arSvhieh time grantora will apecity tbe location, upon their land and not more than two 
hundred feet outaide of the highway llmita, to which location vald atructurea ahall forthwith be moved, without expenae to 
the grantora, and left in aa good condition aa prevlona to moving 

Tbia conveyomv incitidea a reicaae of any and all cialma to damagca to grantora adjoining property, arlalng from or 
Incidental to tbe Injlng out eatabilahing, altering, widening, change of grade, draining, and improving of tbe highway la, over, 
nnd upon tbe land hereby grunted 

Tbia convcyanie alao includca the consent of the grantora to tbe removal of aucb trees, ahruba and vcgcUtion na In tbe 
Judgment of tbe State Highway Conimiaaioner, la newsaary in the conatruction and maintenance of tbe highway, further 
notice at aucb removal being licreby expressly waived provided, that ail desirable trees shrubs and vagetathm which do not 
Interfere with the conatiuition, malnlenance or uae of the highway, are to he preserved and aball not be removed or diaturbed, 
and provided further that ail timber toga, and purta of treea suitable for 0rewo«Nl resulting from removal of any treon ahnll 
bn reserved for the grantors 

The grantors lovonant and agree for themaelses tlieir bolra, ezecutora, admlniatratora, aucccaaora and assigns, that no 
bill board, sign tNiarii or ad^eriislng device, other than those advertiaing artlclea produced and aold on tbe preminea, aball be 
cnH'ted. perniitied, or malntaini'd iu or u|ion Hie nmiiluing lands and pramisea now owned by the grantora Immediately 
adjoining the lands herein ruti\c}cd and within a dlstanci of three hundred feet from tbe highway center line, measured at 
right angles to auld line This covenant Is hereby declared to be a perpetual convennnt and aball be construed aa a real 
covenant atuebed to and running with the land 

Tbe undersigned mortgagee auliacrliies hereto to signify his consent to tbe above relenae 

IN WITNESS WHBREOr, We have hereunto set our bands and acnia this_day of_ A. D i h 

la Pmaaco of 


(leSI 


.(US ) 


Fig. 140, Form of right-of-way release used by Michigan State Highway 
Department. 

Receipt of Bids and Award of Contract. Laws pertaining to the 
award of contract generally provide that proposals shall be publicly 
opened and read. Even where not required, this practice is usually 
followed. The specifications (sometimes, in conformity with statutory 
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provisions) provide for the award of the contract within a specified 
time after opening proposals and in accordance with a definite policy. 
In some states, contracts must be awarded to the lowest bidder; in 
others the public oflScials are clothed with discretionary power which 
permits an award to be made to other than the lowest bidder if it can 
be shown that the lowest bidder is incompetent. 

The contract should be as short as possible, consistent with the 
legal requirements in each instance. Most state laws provide for some 
form of contract bond to guarantee faithful performance of the con¬ 
tract obligations and payment of all bills for labor, materials, and other 
expense incurred in prosecuting the work. Because of their impersonal 
nature, most public departments require, or prefer, bonds executed by 
surety companies. 

SUPERVISION OF CONSTRUCTION 

The supervision of the construction of a highway project includes: 

1. The establishment and maintenance of detours. 

2. Setting stakes for grading, drainage, and structures. 

3. Surveys to determine quantities of work done. 

4. Inspection of materials. 

5. Inspection of construction. 

6. The preparation of reports.. 

7. The preparation of estimates. 

Detours. The marking and maintenance of detours usually are 
done by employees of the public highway organization, and the loca¬ 
tion of detours when required and arrangements for their maintenance 
should be made well in advance of construction. The contractor 
should be responsible for the maintenance of barricades and of warn¬ 
ing signs and lights on the project itself. 

Staking Operations. Stakes for grading, drainage, and other 
structures, and the pavement or road surface, are ordinarily set by 
the engineering force rather than by the contractor’s forces. Grading 
stakes include hub stakes, slope stakes in heavy excavation, and stakes 
for borrow excavation. Stakes for small drainage structures usually 
indicate the center line of the roadway and the center line of the 
structure. The neat lines of abutments, piers, and wing walls of larger 
structures are usually staked out. Bench-marks should be located 
sufficiently close to structures to enable elevations to be obtained 
conveniently with a carpenter’s level and a folding rule. 

Surveys. If construction operations follow soon after the original 
survey, a new survey to determine the quantity of excavation may 
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not be necessary. If considerable time has elapsed since the original 
sxirvey, new cross-section levels arc desirable. Changes in the contour 
of the ground surface frequently occur between the time of the original 
survey and the beginning of construction, owing to maintenance opera¬ 
tions, erosion, and other causes; errors in the original survey also will 
be detected in the new survey. The engineering personnel which will 
have charge of the supervision of construction should be on the site 
considerably in advance of construction to have the construction sur¬ 
vey well under way before operations start. 

Final surveys of highway projects are desirable to obtain quanti¬ 
ties and provide a record of the construction which may be referred 
to the original plans. 

Inspection of Materials. The inspection of materials is an impor¬ 
tant feature of every construction project and one that is often 
slighted. There are many materials which must be examined in a 
laboratory to determine their conformity with specification require¬ 
ments; these include cement, reinforcing steel, bituminous materials, 
and many others. Many tests of a simple nature, and requiring no 
expensive equipment, may be made conveniently and properly on 
the job. Inspection of manufactured materials at their sources often is 
desirable. Such materials include mineral aggregates, structural steel, 
pipe for culverts and drains, timber, and numerous otliers. Economy, 
both in construction and inspection, should not be overlooked in con¬ 
nection with the inspection of materials. 

Inspection of Construction. The primary jiurpose of the engineer¬ 
ing organization is to obtain a first-class job which is in accordance 
with the specifications. The engineering personnel on construction 
usually consists of a construction engineer (generally designated resi¬ 
dent engineer or project engineer), an instrument man, and one or 
more inspectors, the number depending upon the nature and magni¬ 
tude of the work and upon the extent of the construction operations. 

Records and Reports. Records are an important feature of inspec¬ 
tion of every construction project; they include survey notes, computa¬ 
tions, cross-sections, plan changes, daily records, construction esti¬ 
mates, extra-work records, and miscellaneous reports and records. 
Most highw^ay organizations have their own printed forms for these 
various purposes. A daily diary of the progress of construction work 
is of great value. The work of preparing records and reports can 
be overdone, and often is, but complete information should be kept 
daily. Photographic records of construction projects often are de¬ 
sirable for record purposes. 
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Preparation of Estimates. It is general practice on contract con¬ 
struction to make payment to the contractor for work done at regular 
intervals, usually once or twice monthly. Payment is based on 
amounts of work done at the stipulated contract prices, and a per¬ 
centage is retained until the final completion and acceptance of the 
work. The amount retained varies according to the policy of the 
highway department or in accordance with legal requirements, and 
usually amounts to 10 to 20 per cent of the amount due on each 
estimate. 

Some highway organizations follow the practice of including mate¬ 
rials delivered, but not used, in progress estimates to contractors. This 
practice is quite common and, of course, is helpful to the contractor 
in financing the work. Care should be taken to pay for materials 
delivered at proper rates. 

The laws of some states require that final contract estimates, and 
sometimes progress estimates, shall not be paid until the contractor 
files sworn affidavits that all indebtedness on the contract has been 
paid in full. 



CHAPTER XVIII 


ECONOMICS OF HIGHWAY IMPROVEMENT 

The highway user is vitally interested in the cost of highway 
transportation. The organization in charge of the construction, 
maintenance, and operation of a highway system, therefore, must be 
familiar with the effect of various road conditions on the cost of 
transportation over a highway. 

COST OF HIGHWAY TRANSPORTATION 

The same elements of cost which are encountered in railway trans¬ 
portation are present in highway transportation. These costs may be 
classified into two‘ groups, road costs and vehicle costs. These two 
items of cost may be expressed in terms of units of transportation, 
such as the vehicle-mile, the passenger-mile, or the ton-mile. The 
first unit is used extensively because of its convenience. 

Capital Cost of a Highway. The capital cost or the investment in 
a highway is composed of the following items: 

1. The value of the right-of-way. 

2. The cost or value of the highway grade. 

3. The cost or value of ditches and drains. 

4. The cost or value of bridges and culverts, including grade 
separation structures. 

5. The cost or value of the roadway surface, including bases or 
foundations. 

6. The cost or value of signs, guard railings, and other acces¬ 
sory structures. 

7. The cost or value of roadside improvements such as the 
planting of trees and shrubbery, drinking appurtenances, 
comfort stations, and similar items. 

8. The cost of engineering and administration. 

These various items of capital cost, with the exception of the value 
of the right-of-way, represent the cost of construction. When accurate 
records of expenditures are available, exact data may be used; other¬ 
wise the value of each item must be estimated. 

The value of the right-of-way usually must be estimated except in 
instances where completely new locations are involved and expendi- 

384 



COST OF HIGHWAY TRANSPORTATION 


385 


tures for the land are obtainable. In some cases the value of the right* 
of'Way is estimated as being equal to the value of the adjacent land. 
In other instances a higher value may quite properly be assigned. 

Change in Value. The capital value of a highway ifluctuates with 
the value of money, and if changes in value are to be taken into con¬ 
sideration, the current price-index must be applied to the various items 
of value. 

Reconstruction. If the traiBc on a highway never increased beyond 
a satisfactory and economic limit for the type and design of wearing 
surface of the original construction, any reconstruction should be 
classed as an operating expense If, however, reconstruction involves 
a change in type, in width, in thickness, or in some other fundamental 
feature of design, at least a portion of the reconstruction cost should be 
considered as a capital charge; the exact amount will depend upon the 
salvage value of the original wearing surface. 

Operating Costs of a Highway. The operating costs of a highway 
comprise the following items: 

1. Interest on investment. 

2. Depreciation. 

3. Yearly maintenance costs. 

4. Periodic maintenance costs. 

5. Engineering and administration. 

Interest on Investment. Interest should be included as a part of 
the annual cost of a highway. • Hewes and Glover state that “If a 
highway were built from cash in the publi(f treasury it would theo¬ 
retically still be necessary to include in the annual cost of such a high¬ 
way the interest on the first cost of construction at a rate which the 
municipality or county could obtain by investment of its funds. The 
question of how long such interest should run has never been deter¬ 
mined. Theoretically, interest should run until the improved road had 
paid for itself by a saving to the community.” Interest rates vary ac¬ 
cording to location and with economic conditions, but, in general, rates 
of 2 to 5 per cent may be considered applicable. 

Depreciation. The item of depreciation in connection with highway 
costs offers many opportunities for differences of opinion. Deprecia¬ 
tion refers to a condition of gradual dest»'action or deterioration, and in 
accounting practice an allowance is made for the amount of this 
deterioration up to a certain point of time. This theory of depreciation 
is applicable to certain articles and things, such, for instance, as a 
piece of machinery, for the reason that it may be more economical to 
provide for only current repairs or maintenance and allow the machine 
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slowly to wear otit rather than to replace its various parts. Such prac¬ 
tice is thus based largely on the relative economy of total replacement 
as compared with partial replacement, and is due to the fact that under 
existing conditions total replacement by complete manufacture is less 
expensive than partial replacement involving repair operations. A 
highway can hardly be considered in this light. It is a public utility, 
designed and constructed for continuous service. It should therefore 
be constantly maintained in condition to render such service. The 
standard of maintenance is of great importance, and provision should 
be made for the inclusion of replacement items as a part of annual cost. 
It is manifestly impossible to formulate, with great accuracy, fixed 
rules for determining the time of replacements, because physical con¬ 
ditions vary to such a great extent. The cost of replacements should 
be spread as uniformly as possible, however. For purposes of eco¬ 
nomic comparisons the cost of replacements should preferably be cal¬ 
culated on the basis of a yearly annuity of sufficient amount to pro¬ 
vide for replacements. 

Yearly Maintenance. The annual maintenance of a highway is the 
maintenance work that occurs every year. Yearly maintenance may 
be classified into its various components as follows: 

1. Maintenance of ditches and drains 

2. Maintenance of bridges and culverts. 

3. Maintenance of shoulders. 

4. Maintenance of the roadway. 

5. Maintenance of accessory structures. 

6. Roadside maintenance, including mowing, cutting weeds, 
removal of brush and trees, and upkeep of other roadside 
equipment. 

7. Snow removal. 

Periodic Maintenance. Periodic maintenance consists of various 
items of work that do not occur every year on the same road. This 
work includes replacements of surface, bridges, and other structures, 
and such other items as oiling, surface treatment, and complete re¬ 
construction. 

Annual Cost of Highway Operation. The annual cost of highway 
operation may be expressed or determined by means of the following 
formula: 

Ch = 7 */ -f- M -|“ Ai A 2 4" 0 (57) 

in which Ch == the annual cost of highway operation. 

I == the value of the highway, or the investment, 
r = the rate of interest. 

M = the yearly expenditure for ordinary repairs which are 
necessary every year. 
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AI imd A 2 ** annuities which will provide a sufficient sum of money tot 
p>eriodic maintenance required at intervals of several 
years. 

0 *= the annual cost of administration. 


It may be desirable to subdivide periodic maintenance further, using 
separate symbols to denote various items such as surface treatment, 
replacements of surface, and replacements of bridges. 

Formula 57, of course, is applicable not only to a single highway, 
but also to an entire highway system. 

The annuities in formula 57 may be expressed in terms of actual 
expenditures as follows: 

A ^ A ^ 

’ (1 + r)"* - 1 ^ (1 + r)"» - 1 

in which Ei = the expenditure for periodical maintenance of a sort 
which occurs every ni years. 

E 2 = the expenditure for periodical maintenance of a sort 
which occurs every 712 years. 

Salvage Value. Changes in value and change® in capital costs can 
be taken into consideration in formula 57 by the assignment of 
proper amounts for the investment item represented by I. 

Formula 57 takes depreciation into consideration as an item of 
periodic replacement (such as Ai, A 2 , or A 3 ). If, however, deprecia¬ 
tion is considered as an actual loss of value (in other words, if major 
replacement of the highway is not assumed as periodic maintenance) 
another item should be introduced into formula 57, namely, salvage 
value, and would be expressed as an annuity, thus 


(/ - S)r 
(1 +ry - I 


(58) 


in which S = the salvage value of the highway at the end of n years. 

The author prefers the first method for purposes of economic com¬ 
parison when changes in the capital investment are not involved (as, 
for example, changes in type, width, or thickness). 

However, when, for purposes of economic comparison or statistical 
information, changes in the capital investment arc to be considered, 
the inclusion of a salvage value in formula 57 has a definite advan¬ 
tage because it permits the evaluation of the existing structure as a 
part of the reconstruction. 

Professor C. B. Breed uses the following approximate formula foi* 
determining annual road costs, taking salvage value into consideration 




n 


(59) 
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in which E » the total periodic maintenance cost required during a life 
of n years; Formula 59 is easier to apply than formula 57, and the 
results agree closely with those obtained by formula 57. 

The accurate evaluation of life and salvage value of highways pre¬ 
sents many diflBculties. Anson Marston, when Dean of Engineering 
at Iowa State College, undertook a study of the service lives of street 
pavements in the city of Des Moines, Iowa, and estimated the aver¬ 
age life of pavements from mortality or survivor curves (see Fig. 141). 



Fio. 141. Mortality curves of brick on concrete pavements, Dos Moines, Iowa, 

1909-1928. (Marston.) 


Winfrey and Farrell reported, in 1941, that the average service lives of, 
highway surfaces on the rural portions of primary state highways 
were as follows: 


Soil surfaces . 5 to 14 years 

Gravel or stone surfaces.6 to 13 years 

Bituminous treated surfaces 11 to 21 years 

Mixed bituminous surfaces, low-cost types. 14 to 22 years 

Bituminous macadam surfaces.15 to 17 years 

Bituminous concrete surfaces.13 to 20 years 

Concrete surfaces . 17 to 24 years 

Brick and block surfaces . 18 to 21 years 


Elements of Vehicle Costs. The costs of vehicle operation include 
the following items: 

Fixed costs: 

1 . Interest. 

2 . Depreciation. 
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3. Insurance. 

4. Taxes and fees (excluding gas and other sales taxes). 

5. Housing. 

6 . Supervision, if commercial fleets are involved. 

Variable costs: 


1 . Gasoline. 

2 . Oil and grease. 

3. Cleaning. 

4. Ordinary repairs and maintenance. 

5. Tires. 

6 . Major repairs and overhauls. 

7. Wages for drivers. 

Annual Cost of Vehicle Operation. The annual cost of vehicle 
operation is represented by the following formula: 

C, = r/ + A + F + M (60) 

in which Cv = the annual cost of vehicle operation. 

I = the original investment, 
r = the rate of interest. 

A = an annuity sufificient to replace the vehicle at the end of 
its economic life. 

F = the annual fixed charges. 

ilf = an annuity sufficient to cover the cost of maintenance. 

Total Cost of Highway Transportation. The total cost of trans¬ 
portation over a single highway or section of highway may be expressed 
by means of the following formula: 


C = Ch + NCv (61) 

in which C represents the total cost of transportation, N the number 
of vehicles using the highway per year, and Cn and Cv have the same 
significance as in formulas 57 and 60. The value of N may repre¬ 
sent an average for a single highway, as determined from traffic counts 
at several points, or may be applied only to sections of a highway 
where the traffic is uniform. 

The total cost of highway transportation on an entire highway sys¬ 
tem should be calculated as the sum of the costs on various sections. 

The unit cost of transportation on a section of highway may be 
calculated by dividing the total cost by the number of vehicles, or 




NL'^ L 


(62) 


in which C represents the cost of transportation per vehicle-mile, and 
L represents the length of highway in miles. 
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EFFECT OF ROAD CONDITIONS ON VEHICLE COSTS 

Tractive Resistance. The movement of a vehicle along a level 
highway is resisted by forces within the vehicle itself, caused by the 
friction of moving parts, by the frictional forces resulting from the 
contact of the vehicle tires with the highway surface, and by the 
pressure of the air against the vehicle. The first two sets of forces 
constitute the rolling resistance of the vehicle; the last-named force 
is the air resistance of the vehicle. When the surface of the highway 
is inclined, the movement of a vehicle is resisted by another force, 
namely, that required to lift the vehicle through the vertical distance 
involved. This force is the grade resistance, which may be either posi¬ 
tive or negative, depending upon the direction of the grade or slope, 
that is, whether it is up or down. The sum of these forces is called 
the tractive resistance of the vehicle. 

The rolling resistance of vehicles varies according to their mechani¬ 
cal characteristics and condition and, of course, according to the kind 
and condition of the roadway surface. The rolling resistance of a 
vehicle is usually determined from dynamometer tests and it is ap¬ 
proximately proportional to the weight of the vehicle. Present-day 
passenger vehicles on smooth, firm pavements have rolling resistances 
equal to about 20 to 25 lb per ton of weight. 

The air resistance of vehicles depends upon the area and shape 
of the vehicle exposed to the pressure of the air and upon the speed, 
and is expressed by the formula 

Ra = KAV- (63) 

in which Ra = the total air resistance, in pounds. 

A = the projected area of the vehicle, in square feet. 

V = the speed of the vehicle, in miles per hour. 

K and n = experimental coefficients. 

Values of K and n are determined from actual tests of the pressures 
resulting from air blown against the surfaces of vehicles; values of 
K = 0.0018 and n = 2 are representative of present-day passenger 
vehicles. 

The grade resistance encountered by a motor vehicle is given by 
the formula 

R - 

100 

in which Rg = the grade resistance, in pounds. 

W = the gross weight of the vehicle, in pounds. 
g = the rise or fall of the grade per 100 ft of distance, in 
feet (equals the per cent of grade). 
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The grade resistance usually is expressed in pounds per ton of weight. 
The grade resistance per ton is db = =h20g, and therefore 

R, = dz20Tg (64) 

When a vehicle is traveling at constant speed, the tractive effort is 
equal to the tractive resistance; thus 

E R = Rr Ra dt Rg (65) 

in which E is the tractive effort, R the tractive resistance, and Rr the 
rolling resistance. Substituting the values of Ra and Rg from equations 
63 and 64, equation 65 becomes 

E = R Rr + 0.0018F2 i 20Tg (66) 

Effect of Type and Condition of Wearing Surface. The type and 
condition of wearing surface affects principally the item of fuel con¬ 
sumption of motor vehicles, but, on such surfaces as untreated earth, 
untreated gravel, and untreated traffic-bound macadam, the cost of tire 
wear, tire repairs, cleaning, mechanical and body repairs, and deprecia¬ 
tion may be greatly increased in comparison with that on surfaces 
which are smooth and practically free from loose fragments and dust. 
Comparative costs necessarily are subject to great variations in indi¬ 
vidual instances and data obtained in one area may not apply to an¬ 
other. Studies of rolling plus air resistance show differences between 
roadway surfaces in similar classifications, but the greatest differences 
occur, of course, between low-type and high-type surfaces. Professors 
R. A. Moyer and Robley Winfrey, in 1939, published the results of a 
study of the cost of operating several hundred vehicles on earth and 
gravel surfaces and on pavements; the relative costs of operation (in¬ 
cluding depreciation and other fixed costs) were as follows: 



Annual 

Annual 


Mileage, 

Mileage, 


8000 

16,000 

Earth surfaces 

125 

136 

Gra^cl surfaces 

1 18 

1.25 

Pavements 

100 

i(}b 


These values agree reasonably well with those obtained from other 
studies and appear to be accurately representative of these types of 
surfaces as a whole. 

Effect of Grades. The principal effect of grades on the cost of 
vehicle operation is the increase in fuel consumption in comparison 
with level grades. The saving in time resulting from the maintenance 
of a constant speed may be important for heavy commercial vehicles 
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but is not so important for light vehicles. Increases in oil consumption 
and tire wear are small. Therefore, most economic studies have been 
concerned with the increased cost of fuel consumption alone. The 
fuel consumption on grades can best be determined by actual measure¬ 
ment. Such measurements should be made on actual roadways having 



Fig 142 Gasoline consumption of a private passenger automobile traveling at 
a constant speed on \anous grades {Based on test data by Professor John A 

Oakey ) 

reasonably long straight distances at uniform rates of grade. Meas¬ 
urements of fuel consumption should be made in still air and by 
means of accurate instruments. 

The additional fuel required to propel a vehicle up an ascending 
grade at the same speed as on the level is directly proportional to the 
rate of grade. The relative fuel consumption of a private passenger 
vehicle for various rates of ascending grades, under a given set of con¬ 
ditions, is illustrated by the upper diagram of Fig. 142. 

Assuming that a vehicle travels at a constant speed, it is apparent 
that there is a descending grade at which the vehicle will continue to 
travel at the same speed without any tractive effort on the part of the 
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vehicle motor. Such a descending grade was defined by Professor H. B. 
Shaw as a “floating grade.” Grades less than the floating grade will 
require some tractive effort by the vehicle motor. In the ideal case 
(with the motor shut off), the fuel consumption at the floating grade 
would be zero, but under actual operating conditions this ideal situa¬ 
tion does not obtain. The lower diagram of Fig. 142 shows the fuel 
consumption, for various descending grades, of the same passenger 
vehicle to which the upper diagram applies. 

It is apparent from Fig.442 that, for ordinary private passenger 
vehicles, there is a decrease in fuel consumption for descending grades 
which compensates to a considerable extent for the increased fuel con¬ 
sumption on equivalent ascending grades. Thus, on highways in roll¬ 
ing or hilly country, the additional fuel consumption in comparison 
with that on level grades is not great if the total “rise” and “fall” are 
approximately equal. The effect of rise and fall is illustrated by the 
intermediate diagram of Fig. 142 which shows the fuel consumption 
on grades which rise and fall at the same rate for equal distances. 

The ideal descending grade for motor vehicles is the floating grade, 
and numerous studies have shown that the floating grade for most 
private passenger vehicles is from 6^/^ to 7% per cent. The ideal as¬ 
cending grade for motor vehicles is one which will permit traveling at 
a constant rate of speed which is safe for the conditions in\ olved and 
which will require no change of gears. Private passenger vehicles can 
ascend grades up to 7 per cent in high gear at constant rates of speed 
of 50 to 60 mi per hr. The fuel consumption of heavy vehicles is af¬ 
fected by grades to a greater extent than that of light vehicles be¬ 
cause of their lower ratio of power per ton of gross weight. 

The extent to which grade reduction may be practiced on a given 
highway will depend upon the proportions of the different classes of 
vehicles comprising the traffic and upon the actual decrease in fuel 
consumption which may be effected for all the vehicles under the 
conditions which will exist on that highway after the grade reduction 
ha*? been accomplished. 

Effect of Distance. The unit cost of operating a motor vehicle usu¬ 
ally is calculated on the basis of the number of miles the vehicle travels 
throughout its useful life. Necessarily, the mileage traveled per unit 
of time affects the unit cost very materially. The total cost is made 
up, as previously described, of fixed costs and variable costs; the latter 
are most affected by differences in traveled distance. 

Effect of Traffic Delays. Traffic delays arc caused by an insuffi¬ 
cient number of traffic lanes, by insufficient sight distance on curves, 
by reduced speed limits on account of municipal regulations, by cross- 
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traffic on intersecting railways, waterways, and other highways, and by 
a number of miscellaneous conditions. In many cases the delay is suf¬ 
ficiently great that its elimination or reduction is imperative. An eco¬ 
nomic study is usually desirable in order to determine the amount of 
the justifiable expenditure. The lost time may be determined by meas¬ 
uring the time consumed and comparing if with the time required to 
cover the distance under the conditions that are proposed. Examples 
of methods of reducing delays to traffic are construction of grade sepa- 
ra,tions, changing the time interval of traffic signals at intersections, 
construction of by-pass highways around municipalities for through- 
traffic, and widening of highways. 
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CHAPTER XIX 


HIGHWAY PLANNING, FINANCING, AND ADMINISTRATION 

The broad field of highway administration is concerned with the 
planning, design, improvement, maintenance, financing, and adminis¬ 
trative control of highway systems. The subjects of design, improve¬ 
ment, and maintenance have been discussed, and our attention will now 
be devoted to some of the fundamental considerations involved in the 
planning, financing, and administrative control of highways. 

HIGHWAY PLANNING 

The objective of highway planning is the development of a com¬ 
prehensive, adequate, and economic improvement program and mainte¬ 
nance plan. The early development stage of modern highway improve¬ 
ment in the United States, which covered the period from about 1904 
to 1930, was brought about quite suddenly by the introduction and 
rapid development of motor vehicles, and was marked by such an un¬ 
usual demand for liigliway facilities that the formulation of adequate 
and unified plans for the improvement of highway systems was almost 
impossible. More recently, it has been possible to develop plans for 
rehabilitating and extending highway services according to sound en¬ 
gineering, economic, and sociological principles. 

The accomplishment of the development of adequate highway sys¬ 
tems is made possible only by collecting, compiling, and analyzing in¬ 
formation relative to the physical features of these highway systems, 
the volume, character, and distribution of traffic, and related subjects 
such as military uses of the highways, the relationship of various forms 
of transportation, the effect of various conditions (such as agriculture, 
tourist movements, industry, and others) on highway traffic. The col¬ 
lection of information involves a thorough and careful inventory of 
highway systems and traffic surveys to determine the essential facts 
relative to the use of highways. 

Highway Inventories 

Road inventories, as the name implies, refer to the accumulation of 
information in regard to the physical features along highways. In- 
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ventory records may be kept in the form of plan and profile sheets, 
strip maps, general maps, and typewritten records. Plans for im¬ 
provement, with construction records, may serve as the basis of plan 
and profile sheets. The following information may be recorded. 

1. Plan. 

2. Profile. 

3. Location of all structures. 

4. Cross-sections of wearing surfaces. 

5. Buildings. 

6. Land lines. 

7. Fence lines. 

8. Monuments and bench-marks. 

9. Watercourses. 

10. Soil characteristics and soil profiles. 

11. Railroads and railroad crossings. 

12. Stock crossings. 

13. Snow-fence locations. 

14. References to releases and deeds of right-of-way. 

15. Sight distances. 

16. Special features of local importance. 

Information secured from construction drawings and records 
usually must be supplemented by inventory surveys; automobile odom¬ 
eters are satisfactory for measurements of mileage if checked against 
known distances; special odometers reading in hundredths of miles are 
obtainable, but their additional value is somewhat questionable. 


Traffic Surveys 

Purposes of Traffic Surveys. The principal purposes of traffic 
surveys may be listed as follows: 

1. Determination of priority of improvement. 

2. Determination of controlling features of design. 

3. Budgeting of funds for construction, reconstruction, and 
maintenance. 

4. Allocation of funds (particularly motor-vehicle funds) to 
various highway systems. 

5. Scheduling of construction and maintenance operations. 

Character and Amount of Information Secured. The character 
and amount of information to be secured in any traffic survey will de¬ 
pend upon the purposes to be served and upon available funds for the 
work. A traffic survey may be made on one or several roads or streets 
only or may embrace all or part of the area of a city, metropolitan 
area, county, or state; in other cases it may be conducted on all or a 
part of a definite highway system. The distribution of funds (par- 
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ticularly between state and local units of government) and the incor¬ 
poration of roads into various administrative systems should be, and 
sometimes is, based on information which is secured from comprehen¬ 
sive statewide traffic surveys. 

The basic information desired from almost every traflSc survey is 
the number of vehicles passing a given point in a given length of time, 
or the density of the traffic. This information can be secured by ob¬ 
servation of the traffic with no interference with the movement of 
vehicles. A traffic survey involving only observation of vehicles often 
is described as a traffic census. Highway vehicles generally are classi¬ 
fied into five or six groups, (1) private passenger cars, (2) trucks, (3) 
busses, (4) streetcars, (5) motor cycles, and (6) horse-drawn vehicles. 
In some surveys motor cycles and horse-drawn vehicles are not in¬ 
cluded. Trucks frequently are subdivided into groups according to size, 
normal load capacity, type, or legal classification. Trailers sometimes 
are considered as part of the vehicle to which they are attached and in 
other cases are listed separately. Additional information which gen¬ 
erally is obtained by observation includes the percentage of out-of- 
state vehicles in each vehicle group; sometimes the direction of travel 
is noted, and, in some states where license plates bear distinguishing 
markings, the proportion of local and non-local vehicles is obtained. 
The number of passengers may be noted, and a general classification 
of trucks with reference to commodities hauled may also be made. 

If more detailed information than that described is desired it is 
necessary to stop vehicles and interview the drivers. If traffic is heavy, 
only a percentage of the vehicles is stopped. A postcard, to be filled 
out by the driver and mailed at destination, often is used to avoid de¬ 
lays to vehicles when the information sought cannot be obtained in a 
short space of time. This additional information may embrace numer¬ 
ous items related to highway transportation; among the items often 
secured are origin and destination, purpose of trip (business or pleas¬ 
ure), commodities carried, annual travel mileage, gasoline consump¬ 
tion, and trip time. In some cases vehicles are weighed. 

Survey Stations. Survey stations are classified into two groups, 
(1) primary or control stations, and (2) secondary or limited-count 
stations. Primary stations may be observation or sampling stations 
(including weighing stations); generally secondary stations are ob¬ 
servation stations. 

Survey stations require careful selection, and a knowledge of local 
conditions is essential to insure accuracy, particularly in the selection 
of control stations and corresponding secondary stations. Stations 
generally are selected at intersections because they are locations of 
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changes in traffic and because they offer opportunities of counting traf¬ 
fic on several roads at the same time. Control stations and secondary 
stations should be established on the basis of the class of road (e.g., 
interstate routes, main intrastate routes, main county highways, land- 
service roads, street thoroughfares, residential streets) and the charac¬ 
teristics of the area served; the type of road frequently should be taken 
into consideration. 

Duration of Observations. Traffic counts are usually made for 
24-hour days at control stations, divided into three 8-hour periods be¬ 
ginning generally at 6 a.m. Very frequently it will be found that the 
proportion of vehicles from 10 p.m. to 6 a.m. will be reasonably con¬ 
stant and that the night counts can be greatly reduced or eliminated 
altogether. Observations at secondary stations usually are made for 
shorter periods of time, such as 8 hours, 4 hours, or even 1 or 2 
hours. The 1-hour or 2-hour periods should not be adopted at a large 
number of survey stations until the reliability of counts for such short 
jieriods has been established. 

Frequency of Obervations. The frequency of observations will 
depend upon the purposes of the survey. If peak traffic volumes are 
desired, for design or other purjioses, observations naturally will be 
confined to a few days, and a knowledge of local conditions will indi¬ 
cate the days on which observations should be made. If the total 
yearly traffic (or average daily traffic) is desired, several observations 
must be made; a three-day census every six or eight weeks will usually 
be sufficient; it may be desirable to make observations on one or more 
holidays or on other special days. Three-day observations are made 
on Saturdays, Sundays, and one weekday; variations in traffic on 
weekdays from IMonday to Friday do occur, but if due regard is paid to 
weather conditions, and observations are repeated in six or more weeks 
evenly distributed throughout the year, a reasonably accurate repre¬ 
sentation of traffic is secured. A few observations generally will estab¬ 
lish the effect of adverse weather conditions on traffic volumes within, 
perhaps, a reasonable degree of accuracy. Clasoline tax collections, 
particularly if their distribution by counties is available, are useful as 
a guide to the monthly or seasonal variation in traffic. 

Recording Traffic Survey Data. Traffic survey data are recorded 
usually on printed forms designed to show the information desired. 
Figure 143 shows a simple form used by the author for recording traf¬ 
fic density on a county highway system by hourly periods for 16-hour 
daily traffic counts. Figure 144 shows a more elaborate form for re¬ 
cording traffic density on a statewide highway traffic survey. Vehicles 
usually are recorded by means of a mark for each unit, but hand-op- 
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erated counting devices sometimes are necessary for heavy traffic. 
Studies of origin, destination, and ownership of vehicles, nature of 
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Fig. 143. Sinii)le form for rocording traffic density; when used at intersections 
one form may l)e used for each approacli; foreign traffic may he recorded on 
separate forms or by moans of colored pencils or a different symbol. 

commodities hauled, trip and annual mileages, and other data arc re¬ 
corded on interview forms and on forms distributed to motorists for 
completion and mailing. 
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Courtesjf of Louisiana Highway Commission 
and U. 8. Public Roads Administration. 

Fiq. 144. Form used for recording traffic density on a state highway system. 
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Fig. 145. Traffic flow diagram for a rural area. The widths of the bands indicate traffic density. The shaded bands represe&l 
local higbwaySi and the cross-hatched bands represent state and federal highways. 
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Automatic Traffic Recorders, Automatic traffic-counting and re¬ 
cording machines which are actuated by the interception, by vehicles, 
of two light beams directed across the roadway upon photoelectric cells 
are used to determine the total traffic flow. These machines record the 
cumulative traffic at regular periods (usually 1-hour intervals) but, 
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' Courtesy of Louisiana Highway Commission 

and U 8 Public Roads Administration. 

Fig 146. Foim used for summarizing traffic density 


of course, do not classify the vehicles. They are particularly useful for 
determining the accuracy of short-period counts and for establishing 
the hourly, monthly, and other variations in the total traffic pattern. 
Thus far these machines have been installed only at locations where 
electrical power lines are available; when portable machines are de¬ 
veloped, they will serve as a very useful aid in determining traffic 
density. 

Planning Traflic Surveys. The necessity of careful planning of 
traffic surveys is obvious. Complexities increase as the area to be cov¬ 
ered increases, and efficient and economical procedure must be devel- 


























































402 HIGHWAY PLANNING. FINANCING, AND ADMINISTRATION 


oped well in advance of the actual observations. Highway organiza¬ 
tions, generally, have not done enough of this work and have been de¬ 
terred largely by lack of funds and because the public, especially in 
many small local governmental areas, has been slow to appreciate the 
value of the information secured. Much valuable information can be 





obtained from a small organization. Frequently it is possible to ar¬ 
range for maintenance employees to assist at various times. 

Compilation of Data. The data obtained from a traffic survey 
arc comi)iled by means of various summaries and visual charts. Fig¬ 
ure 146 shows a form for summarizing the information secured on the 
form shown in Fig. 144. 

Traffic flow diagrams show, visually, the density of traffic on a high¬ 
way or street system. Figure 145 shows a traffic flow diagram for a 
rural area in which traffic volumes for individual highways are plotted 
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as bands whose widths are proportional to the amount of traffic. Fig¬ 
ure 147 shows a traffic flow diagram for a street intersection. 

Traffic distribution diagrams are useful in studying average and 
maximum traffic volumes at various times and for various period^ 
of time. These diagrams are frequently called traffic patterns and 
may illustrate numerous traffic conditions. They are particularly use¬ 
ful in the design of highways, in the selection of type of wearing sur¬ 
face, in planning maintenance operations, and in the control of traf¬ 
fic. Figures 26 and 27 (Chapter IV) illustrate hourly and daily traffic 
patterns. 


SELECTION OF TYPE OF WEARING SURFACE 

The selection of the particular type of wearing surface or pave¬ 
ment for a specific improvement is an important feature of highway 
administration; it is also one of the most important and, at times, one 
of the most difficult functions of officials in charge of public highway 
and street departments. No rigid formulas or rules can be laid down 
by which selection may be made, but it is possible^ to describe the influ¬ 
ence of numerous factors and conditions which should receive careful 
and unprejudiced consideration. These factors and conditions are (1) 
the volume and nature of the traffic, (2) soil and weather conditions, 
(3) availability of materials, (4) stage construction, (5) economic con¬ 
siderations, (G) financing conditions, (7) maintenance organization and 
procedure, (8) noise, (9) riding comfort, (10) appearance, (11) dust, 
and (12) preference of adjacent property owners. 

Volume and Nature of Traffic. The nature and volume of traffic 
on a highway or street are important considerations in selecting the 
type of wearing surface, but it is very difficult, if not impossible, to 
formulate precise rules for determining surfacing types because of the 
great variation in soil conditions, availability of materials, and other 
conditions. The proportion of heavy commercial vehicles during all 
seasons of the year is an important factor in the selection of type and, 
in many cases, may have a much greater influence than a very large 
number of ordinary passenger vehicles. Through roads, subjected to 
large volumes of traffic and to moderate or large volumes of heavy com¬ 
mercial vehicles during all seasons of the year, reciuire the heavier and 
costlier types of wearing courses such as concrete, high-type bituminous 
pavements, and block pavements; these conditions exist on most pri¬ 
mary state highways and on many secondary state highways and pri¬ 
mary county highways. The low and intermediate types of wearing 
courses are adaptable to very light traffic on earth, untreated gravel 
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and sand-clay, and traffic-bound macadam roads, and to moderate to 
heavy traffic on stabilized soil roads, surface-treated roads, and low- 
cost bituminous roads on good subgrades. For example, many stabi¬ 
lized gravel roads, low-cost bituminous roads, and cement-bound mac¬ 
adam roads carry up to 500 to 2000 vehicles per day; even some oiled 
earth roads, during favorable seasons of the year, carry from 300 to 
1000 vehicles per day. Careful economic studies may be necessary in 
many cases to ascertain the relative economy of various surface types. 

Soil and Weather Conditions. Soil and weather conditions natu¬ 
rally play a very important part in the selection of the type of wear¬ 
ing surface, especially under some conditions relating to availability 
of materials. The successful use of stabilized gravel roads depends 
upon the availability of suitable deposits of gravel and clay binder. 
The macadam types naturally are constructed where stone is available. 
Lack of nearby sources of good gravel and stone frequently results in 
efforts to stabilize the natural soils for surfaces on the lesser traveled 
roads and in the construction of pavements of imported materials on 
heavily traveled roads. 

Availability of Materials. The lack of nearby deposits of suitable 
mineral aggregates often eliminates some types of wearing surfaces; the 
lack of gravel, for example, usually concentrates attention on the im¬ 
provement of soil roads. Similarly, the lack of suitable sands within 
reasonable hauling distances often eliminates sheet asphalt and as¬ 
phaltic concrete. The influence of local materials on the selection of 
type of wearing surface is illustrated by the use of bituminous mac¬ 
adam in some of the New England States, of gravel in the Great Lakes 
region, and of rock asphalt in many areas; by the oiling of earth roads 
in Illinois, the development of sand-clay roads in Georgia, and the u^ 
of limerock in Florida, and of shells in some areas along the Gulf 
Coast. 

Stage Construction. The stage construction of higliways and 
streets may be defined as the progressive improvement of a highway 
or street in several steps or stages, each stage of tlie improvement being 
made as traffic conditions change and require more adequate facilities. 
Stage construction often is considered to apply only to the improve¬ 
ment of low-cost highways, but as a matter of fact all highw^ay im¬ 
provement necessarily is stage construction. 

The adoption of plans for stage construction fixes the selection of 
type of wearing surface in a general w^ay. Stage construction should 
be planned so that a change from one type of wearing surface to an¬ 
other enables the maximum advantage to be obtained from prior con- 
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struction. The principal features of planning for stage construction 
are: 

1. Determination of the importance of the highway and an esti¬ 
mate of the probable changes in traflBc which may be ex¬ 
pected. 

2. Satisfactory location, including plans for future changes. 

3. Design and construction of suitable grades for future as well 
as present traffic conditions. Provisions for future widening 
may be an important phase of this feature. 

4. Obtaining complete information in regard to available sur¬ 
facing materials and soil conditions. 

5. Complete plans for the drainage system, including provision 
for future development. 

6. Plans for progressive changes in the roadway surface, in 
regard both to character and capacity. 

The object of stage construction is to provide, efficiently and eco¬ 
nomically, for adequate traffic service throughout the development of a 
highway. Several examples illustrating various plans ^or stage con¬ 
struction will be described. 

Examples of Stage Construction. It is important to keep in mind 
that all roads will not go through all the stages of development from an 
unimproved condition to a fully improved thoroughfare for extremely 
heavy traffic. 

Case I. State or county highway which, upon construction, will be 
subjected to heavy traffic and on which large future increases in traffic 
may be expected. 

Stage 1: Construction of grade, drainage system and two-lane pave¬ 
ment. 

Stage 2: Construction of two additional lanes of pavement. 

Stage 3: Resurfacing or reconstruction. 

Under these conditions it is desirable to construct the first two 
lanes of pavement off-center in order to provide for a center parkway 
or dividing strip. 

Case II. State or county highway which will have light to mod¬ 
erate traffic, changing gradually to heavy traffic. 

Stage 1: Construction of grade, drainage system, and gravel surface 
by the featheredge method in several successive layers. 
Stage 2: Construction of stabilized gravel surface. This procedure 
may follow soon after Stage 1. 

Stage 3: Construction of two-lane pavement. 

Stage 4: Construction of two additional lanes of pavements. 

Stage 5: Resiurfacing or reconstruction. 
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Case III. State or county highway subjected to gradual increases 
in traffic but with little probability of large proportions of heavy truck 
traffic. 

Stage 1: Construction of grade, drainage system, and single-lane 
gravel surface. 

Stage 2: Widening of gravel surface to two-lane width (at least 12 
in. wider than proposed surface comprising Stage 3). 

Stage 3: Strengthening surface by addition of gravel, followed by 
bituminous surface treatment. 

Stage 4: Construction of a 2^y4- or 3-in. layer of bituminous road-mix 
or re-tread. 

Stage 5: Rei)lacements as needed. 

Case IV. County highway to be used entirely as a land-service 
highway. 

Stage 1: Construction of grade and drainage system; maintained as 
an earth road. 

Stage 2: Construction of gravel surface. 

Stage 3: Construction of oil-gravel road-mix wearing course. 

Stage 4: Replacements and reconstruction as needed. 

Many more cases might be cited to fit many local conditions. 

The design and arrangement of many drainage and other structures 
must be planned carefully to jirovide for future extensions and addi¬ 
tions. 

Economic Considerations. Economic considerations involved in the 
selection of type of wearing surface are the intial cost of the improve¬ 
ment, the annual highway cost, and the cost of transportation over the 
highway. 

The wearing surface or pavement usually represents a very large 
proportion of the initial cost of construction of a highway project, 
exceptions being low-type highways and jirojccts involving very large 
amounts of earthwork, unusually extensive soil stabilization, costly 
drainage structures, and grade separations. Therefore, the economic 
selection of the type of wearing surface is very important. It is diffi¬ 
cult to generalize in regard to highway construction costs, but the 
values given in Table 36 show the approximate range of cost of 
various surfaces. 

The annual cost of a highway, so far as road costs are concerned, 
war stated in Chapter XVIII to consist of (1) interest on the invest¬ 
ment, (2) the yearly cost of routine maintenance, (3) the yearly cost 
of periodic maintenance, and (4) the yearly cost of administration. 
The cost of routine and periodic maintenance varies greatly for the 
various types of wearing surfaces and pavements, and experience in a 
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given area should be taken as the basis of comparisons of cost of main¬ 
tenance. It is somewhat questionable whether administrative costs 
need be taken into consideration in comparisons of costs for selection 
of type because it is difficult to assign administrative costs accurately 
to the various parts of a highway system; some administrative costd 
are directly proportional to maintenance expenditures, whereas others 

TABLE 36 

Average Costs of Construction of Various Types of Road Surfaces 

AND Pavements 

(Grading, drainage structures, and miscellaneous structures are not included.) 


Average Cost of (>)nstruction 


Type 





Per 

Mile 




Per 

Sq 

Yd 

— 

1 

— 

— 






18 Ft Wide 

20 ¥ 

't Wide 

Gravel 

$0.20 

tol 

10 80 

$2,112 to 

$8,448 1 

$2,347 

to 

$9,386 

Waterbound macadam 

0.65 

to 

1.40 

6,864 to 

14,784 

7,626 

to 

16,426 

Bituminous surface treatment 

0.07 

to 

0.20 

739 to 

2,112 

821 

to 

2,347 

Low-cost bituminous surface 

0 20 

to 

0.50 

2,112 to 

5,280 

2,347 

to 

5,867 

Bituminous macadam 

1.25 

to 

2.00 

13,200 to 

21,120 

14,666 

to 

23,466 

Asphaltic concrete on con¬ 









crete base 

2.25 

to 

3.50 

23,700 to 

3(5,960 

26,399 

to 

41,066 

Sheet asphalt on concrete base 

2.50 

to 

4.00 

26,400 to 

42,240 

29,333 

to 

46,932 

Concrete, 9- 7-9 in 

1.50 

to 

2 75 

15,840 to 

29,040 

17,600 

to 

32,266 

Brick on concrete 

3.00 

to 

5.00 

31,680 to 

52,800 

35,200 

to 

58,665 

Stone block on concrete 

4.50 

to 

9.00 

47,520 to 

95,040 

52,800 

to; 

105,600 

Wood block on concrete 

4.50 

to 

900 

47,520 to 

95,040 

52,800 

to 

105,600 


are more pro])erly considered jiroportional to road mileage. Interest 
should be taken into consideration in cost coiniiarisons In general, 
the type of wearing surface selected for a highway or street should be 
that type w^hich wdll have the lowest annual highway cost. This jirin- 
ciple does not ahvays hold true, how'ever, because some low-cost roads 
may show annual costs approximately eiiuivalent to those of high-type 
jiavements w^hen interest on the initial cost of the latter is taken into 
consideration, and yet would be unsatisfactory on account of interfer¬ 
ence of maintenance operations wdth traffic and incr(»ased vehicle oper¬ 
ating costs. 

The effect of the tyjie of w'eariiig surface on th(* cost of vehicle op¬ 
eration w^as discussed in Chapter XVIII. Differences in cost are most 
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apparent in comparisons of low types of surfaces, such as earth and 
gravel, with the higher types. It is questionable that diiferences be¬ 
tween surfaces in the same general class are sufficient to govern the 
selection of type. 

Financing Conditions. It is obvious that financing conditions 
necessarily must affect the selection of type of wearing surface. When 
all highway revenues are fixed, as when motor-vehicle revenues, for 
example, are allocated to both construction and maintenance and no 
other funds can be provided, the undertaking of construction projects 
often is a difficult problem and the selection of the proper type of wear¬ 
ing surface for a specific project may not follow the soundest economic 
principles. 

Most street paving or surfacing is financed in whole or in part by 
assessments on the abutting property, and property owners naturally 
desire to participate in the selection of the type of surfacing or pave¬ 
ment. The author has frequently heard the statement that property 
owners should have no part in the selection of type of surface, but he 
cannot fully agree with this principle; in the case of a residential street 
used almost exclusively as an entrance to property, and for which 
the abutting property owners must pay the entire cost or a large share 
of the cost, it seems only reasonable that the wishes of the property 
owners should receive careful consideration. Many laws attempt to 
control the selection of type by means of hearings conducted according 
to fixed procedures. The present circumstances surrounding such work 
are improved over former conditions when the early steps in the pro¬ 
cedure to surface a pavement or street were the signal for promoters 
and salesmen to invade the community in droves and attempt by every 
means to have their particular types adopted. Sane procedure, under 
such conditions, was practically impossible. 

Maintenance Organization and Procedure. The selection of the 
type of wearing surface or pavement for a particular project is inti¬ 
mately related to the type of procedure and organization of mainte¬ 
nance. From a strictly maintenance viewpoint it is desirable to have 
a few different types of surfaces to maintain rather than a large 
number of types; maintenance procedure is simplified, standard opera¬ 
tions are more easily developed, and costs arc lowered generally. 

Noise. The element of noise in connection with the selection of 
type of wearing surface is of much less importance than formerly 
because of the almost total exclusion of horse-drawn, steel-tired ve¬ 
hicles. 

Riding Comfort. The development of modern pneumatic tires and 
shock-absorbing devices on motor vehicles and of procedures for ob- 
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taining smooth surfaces on almost any type of wearing course elimi¬ 
nates the necessity of giving much consideration to the feature of 
riding comfort. 

Dust. Dust is a serious inconvenience on untreated earth, gravel, 
shell, and broken-stone roads and has resulted in the restriction of 
these surfaces to light-traffic roads and streets. 

HIGHWAY FINANCING 

The principal problems of highway finance are: 

1. The economic improvement of highways. 

2. The equitable distribution of the cost of highway improve¬ 
ment and maintenance. 

3. Proper limitation of the use of credit to provide immediate 
funds for highway improvement. 

Economic Improvement of Highways 

Economy in the improvement of highways has been defined by the 
American Association of State Highway Officials in the statement that 
“no road should be improved by expenditure of funds in excess of its 
earning capacity.” The earning capacity of a highway depends upon 
the uses of the highway and the relative value of each form of usage. 
The value of each form of highway usage in turn depends upon the 
benefits obtained. 

Benefits of Improved Highways. The recipients of benefits from 
improved highways may be classified into the following groups: 

1. The traffic which uses the highway. 

2. The owners of adjacent property. 

3. The general public. 

Benefits to Traffic. The benefits of improved highways to the 
people who use them comprise: 

1. Decreased cost of transportation. 

2. Travel comfort. 

3. Saving of time. 

4. Recreational and educational benefits. 

5. Commercial benefits. 

Benefits to Adjacent Property. In almost all instances, abutting 
or adjacent property receives benefits from highway improvement. 
These benefits consist of: 

1. Access to property. 

2. Increased value of the adjacent property. 
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3. Extension of outlets for farm produce or commodities. 

4. More efficient postal service. 

5. Improvement of sanitation. 

6. Locations for public utilities, such as electricity, telephone 
service, water and gas mains, sewers, and drainage. 

7. Increased effectiveness of fire and police protection. 

8. The value of streets as fire barriers. 

9. Removal of refuse, such as garbage, ashes, and other debris. 

10. Means of access of light and air to buildings (in cities). 

11. Value to pedestrian traffic. 

12. Parking space for vehicles. 

Benefits to the General Public, The benefits of highway improve¬ 
ment to the general public consist of: 

1. Development of the territory. 

2. Decreased costs of commodities. 

3. More effective fire and police protection. 

4. Educational advantages. 

5. Sociological advantages resulting from the convenience of 
transportation. 

6. Beautification of urban or rural property. 

7. Improved • national defense. 

Evaluation of Benefits. Rome of the benefits of improved higli- 
ways are capable of reasonably accurate measurem(‘nt, but others are 
more difficult to evaluate because of their intangible nature. It is quite 
certain that not all benefits accrue in direct proportion to highway 
costs. Reference to the cost of the various elements of the highway 
structure throws some light on the evaluation of the benefits or uses 
of a highway. The highway structure has already been described in 
Chapter I as being composed of: (1) the subgrade, (2) the roadway 
or traffic-way, (3) the shoulders, (4) the roadside, (5) the drainage 
system, and (6) accessory structures. The most costly features of the 
highway structure are the roadway or wearing surface and such struc¬ 
tures as bridges and grade separations. It is at once evident that, on 
rural roads, at l(‘ast, the most expensive features of highway improve¬ 
ment are those which arc occasioned almost solely by the amount and 
character of the traffic. 

Evaluation of Traffic Benefits. The justifiable expenditure for 
highway improvement will depend in a large measure upon the con¬ 
tribution that traffic can afford to pay and upon the volume of the 
traffic. The contributions of traffic to the cost of highways usually 
consist of a license fee on the vehicle itself and a tax upon the fuel 
that is consumed, r^et us assume that the average highway vehicle 
uses the highways to the amount of 10,000 miles annually, travels 14 
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miles on each gallon of gasoline, and pays a license fee of $15 and a 
fuel tax of $0.05 per gallon. The annual payment for the privilege 
of using the highways then is as follows: 


License fee $15.00 

Gasoline tax, 714 gal. at 0.05 35 70 

Total payment $50 70 

Payment per mile $0 005 


The annual traffic income for various rates of traffic tlien will be 
as follows: 

Traffic Volume, Traffic Income, 

vehicles per day jior mile, jier year 


50 

100 

250 

500 

750 

1000 

1500 

2000 

5000 


$91.25 
182 50 
456 25 
912 50 
1368.75 
1825.00 
2737.50 
3650 00 
9125 00 


If a saving of % to % cent per mile in the cost of operation of a motor 
vehicle accrues when a road is properly improved and adequately 
maintained, it is evident that this contribution on the part of a motor 
vehicle is not excessive. Carefully conducted investigations have 
shown that savings of such amounts are generally realized with refer¬ 
ence to fuel consumption alone. 

The relation of traffic income to highway costs is difficult to deter¬ 
mine because of the many variable factors involved. It is apjiarent, 
however, that traffic income on low-traffic roads will be insufficient to 
pay all costs of highway improvement and maintenance. It also is 
apparent that traffic income on some heavily traveled highways will be 
more than sufficient to pay all improvement and maintenance costs. 

Evaluation of Benefits to Adjacent Property. The accurate evalu¬ 
ation of the benefits of highway improvement and maintenance to the 
adjacent property is a difficult problem because of the intangible na¬ 
ture of the benefits and because of the great variation in the value of 
the benefits. Some authorities place emphasis on the theory that all 
benefits to adjacent property are reflected in an increase in the market 
value of the land and advocate contributions based on such increase 
in value. It should be apparent that the benefit to adjacent property 
is not directly proportional to the extent of the cost of improvement 
and maintenance made necessary by the amount and character of the 
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traffic and that, under some conditions, highway improvements may 
actually be detrimental to land values. Thus the benefits to adjacent 
property reach a maximum value at some stage of highway improve¬ 
ment. That some minimum value also exists is also self-evident; this 
minimum value probably represents the value accruing from the im¬ 
provement and maintenance of a highway as a means of access to the 
adjacent property. 

Evaluation of Benefits to the General Public. The evaluation of 
general benefits resulting from highway improvement and maintenance 
is even more difficult than for the other benefits. A sound conception 
of limitations on total public expenditures will have an important 
bearing on a satisfactory solution of this important problem. 

The expenditure of public funds may be classified as follows: 

1. Government. 

2. Public defense and safety. 

3. Education. 

4. Public health and general welfare. 

5. Social welfare. 

6. Public works. 

Funds for these purposes arc expended by several units of government 
including the federal government, the state government, and various 
local units. These funds are obtained from i)ublic taxation in some 
form or another. Constitutional and statutory limitations on taxation 
are necessary to prevent abuse of the taxing power, either by jHiblic 
officials or by the public, itself. 

It is apparent that a limitation on the total amount of money 
raised for public purposes is necessary as well as a limitation on the 
amount for single purposes. Highway expenditures, necessarily, must 
be controlled, and this control should be a feature of a comprehensive 
plan of taxation, based on needs and ability to pay. 

Assessment of Highw.w Benefits 

If highway costs were assessed in strict accordance with the bene¬ 
fits received, the expenditures on each highway or on each highway 
system should be assessed against all three types of beneficiaries, 
namely: 

1. The road vehicles or road users. 

2. The adjacent property. 

3. The general public, in the form of 

(a) The local community or communities. 

(b) The state. 

(c) The federal government. 
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Practically, this procedure would be cumbersome, slow, and costly. 
The tendency in the United States has been to allocate certain ways 
or methods of taxation to various divisions of the government struc¬ 
ture. 

Methods of Assessing Highway Costs. The various methods of 
assessing highway costs include the following: 

Assessments on road vehicles: 

1. Vehicle license fees. 

2. Fuel taxes. 

3. Sales taxes on the vehicle and on parts and supplies. 

Assessments on adjacent property: 

1. Special assessments levied on the property. 

Assessments on the general public: 

1. General property taxes. 

2. Sales taxes. 

3. Income and other taxes. 

Motor Vehicle License Fees. The license fee for motor vehicles 
was originally instituted for the purpose of controlling the operation 
of vehicles. When it first became evident that motor vehicles should 
contribute toward the cost of highway improvement, the license fee 
provided a convenient means of collecting such a contribution. All 
the states, and some cities, impose, license fees on the basis of weight, 
horsepower, cost, type of tires, and nature of use. City license fees 
are generally known as ‘Vheel taxes.In some states the vehicle 
license fee is in lieu of property taxes; this situation sometimes makes 
the financing of city street improvements and maintenance difiBcult. 

Fuel Taxes. The fuel tax is one of the most equitable forms of 
taxation for highway purposes because it adjusts the contribution of 
the vehicle in proportion to use. An objection to this tax because ^*the 
worse the road, the more the tax^^ is more apparent than real in the 
present stage of highway development, because the best roads now are 
usually those which receive the most revenue from vehicles, whereas 
the poorer surfaces are those to which vehicles should contribute the 
least. Fuel taxes are imposed by the states and by the federal gov¬ 
ernment, and, occasionally, by local units of government. 

General Property Taxes. General property taxes have been the 
favorite means of assessment of benefits to the general public, and, in 
many instances, the taxing power has been abused. Some states have 
placed restrictions on total property taxes to curb this abuse. 

Special Property Assessments. The most practicable method of 
assessing adjacent property for benefits resulting from highway im- 
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provement is by means of a special property assessment. This method 
of property taxation, like general property taxation, however, has been 
greatly abused. Special assessments against adjacent property arc 
commonly devoted by municipalities to financing all, or a part of, 
street improvements and are not so widely used for rural road improve¬ 
ments; in some instances, the abutting property, only, is subject to a 
s])ccial assessment for the improvements; in others, the property on 
each side of the road or street is divided into zones of certain widths 
with decreasing assessments according to the distance of the property 
from the improvement. 

Sales and Income Taxes. Sales taxes and income taxes arc gradu¬ 
ally replacing general property taxes as a source of revenue for the 
operation of state governments. It is questionable whether a large 
portion of highway costs should be obtained from these taxes. 

Allocation of Highway Revenxtbis 

The imiiracticability of assessing all three types of beneficiaries 
of highway improvement for each road or street or for each type of 
highway system is apparent. Financing methods vary in every state, 
and they have been modified and altered in almost every state from 
time to time, A logical solution of the distribution of highway revenue 
will depend to a large extent upon the use of the various highways. 
The proportion of traffic on the various portions of our rural highways 
is not constant, of course, but is greatest on the state highway systems, 
less on main county highways, and least on i)urely land-service roads. 
The extent of the rural highways of the United States, and the pro¬ 
portion of traffic which each system bears, are approximately as 
follows: 



Miles 

Per Cent of 
Total Traffic 
Carried 

Per Cent of Use 

City 

Vehicles 

Rural 

Vehicles 

State highway sy.stems.... 

300,000 

65 

75 

25 

Main local highway.s. 

600,000 

25 

55 

45 

Local land service roads. . 

2,200,000 

10 

35 

65 


It is evident that the motor vehicle should contribute the largest por¬ 
tion of the cost of the state highway systems and of main local high¬ 
ways. It also should be evident that the other beneficiaries of high- 
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way improvements should contribute a large proportion of the cost of 
local and land-service roads and, perhaps, some of the cost of main 
local highways. 

Financing State and Interstate Highways. The major use of 
state and interstate highways is by through-traffic; motor-vehicle 
revenues, therefore, should furnish a very large proportion of the cost 
of improvement and maintenance. Contributions by the federal gov¬ 
ernment are justified on these routes because they carry large propor¬ 
tions of interstate traffic. 

Financing Local Rural Highways. The financing of local rural 
highways in some areas is a difficult problem during the development 
stage of highway improvement, and property taxes have been used to 
a large extent. The desire of many communities for types of improve¬ 
ments which are more costly than necessary has resulted in larger 
expenditures than economic conditions w^arrant. Vehicles should con¬ 
tribute a large share of the cost of improving and maintaining inter¬ 
city and intercommunity routes, but it is questionable whether they 
should be called upon to contribute the major ])ortion of the cost of 
purely land-service roads. Outstanding indebtedness for the improve¬ 
ment of many county road systems, together with uneconomic design, 
has delayed desirable improvements on land-service roads. 

The allocation of motor-vehicle license fees to local road costs, and 
of fuel tax rcceij)t.s to state highway expenditures, in the more popu¬ 
lous and wealthy states, is a practicable method of distributing motor- 
vehicle contributions, but in many cases will iirovide ir>sufficient funds 
to improve all classes of roads rapidly. 

Financing City and Village Streets. The financing of city and 
village streets usually has been accomplished by means of local taxes 
in the form of special property assessments and general property taxes. 
The extent of participation by urban municipalities in the income from 
motor-vehicle revenues has been a much-debated question in many 
states. The problem becomes acute when the license fee is in lieu of 
property tax on vehicles. Cities and villages certainly should receive 
some contribution from motor vehicles for the improvement and up¬ 
keep of general traffic thoroughfares. The allocation of a portion of 
motor-vehicle revenues, by means of a personal property tax, a munici¬ 
pal license fee, or a share in the total license fee or fuel tax paid by 
municipally owned vehicles, partly solves the problem. It also is en¬ 
tirely logical for state and county highway departments to contribute 
to the cost of state and county routes in municipalities, and this prac¬ 
tice is followed in numerous states. 
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Bond Issues for Highway Improvement 

The payment of the cost of improvements which cannot be con¬ 
veniently financed out of current revenues may be deferred by bond 
issues; many liighway and street improvements have been financed 
in this way. 

Types of Bonds. Bonds may be classified into three principal 
types: sinking-fund bonds, annuity bonds, and serial bonds. Sinking- 
fund bonds are issued for a single date of maturity and are retired by 
means of a sinking fund accumulated by uniform annual tax install¬ 
ments which are assumed to be invested in interest-bearing securities. 
Annuity bonds have varying maturity dates and are retired by con¬ 
stant annual payments embracing both principal and interest. Serial 
bonds have varying maturity dates and are retired by constant an¬ 
nual payments of principal plus constantly decreasing interest pay¬ 
ments. Modified serial bonds are widely used and have deferred 
or varying payments on the principal. 

Sinking-fund bonds liave several inherent disadvantages. The 
sinking fund usually is subject to variations in income which cannot 
be predicted, and its presence is a Constant temptation to officials to 
use it for other than the intended purpose. The use of sinking funds for 
purchase of new bonds issued by the same governmental unit intro¬ 
duces complications in governmental financing. In addition, pressure 
of other needs or periodic changes in economic conditions may tempt 
officials to defer assessment of the annual tax installments. 

Annuity bonds possess the single advantage of constant annual 
tax installments, whereas the annual tax installments of true serial 
bonds are constantly decreasing. A comparison of the cost of a loan 
retired by means of annuity and serial bonds is given in Table 37. 

Maturity of Bond Issues. Theoretically, a debt should be dis¬ 
charged by the time the item for which the debt was incurred has 
reached the end of its useful life. A highway is made up of several 
elements, each of which may have varying lengths of life; the cost 
of grading, for example, may be a practically permanent investment, 
whereas the wearing surface may remain intact for only a compara¬ 
tively short time. When bonds are of the serial type and highways 
are improved with high types of pavements, maturities of 20 to 25 
years may be feasible. Bonds for bridges of a lasting type may run 
for longer periods. 

Security for the Payment of Bonds. When bonds were first issued 
to assist in the financing of public improvements, their payment was 
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secured by pledging the assessment of taxes against real property, and 
the taxes thus assessed became liens against the land and improve¬ 
ments involved. Many bond issues are still secured by the payment 
of property taxes, but the payment of many recent bond issues has 
been pledged from revenues otlier than property taxes. Thus provision 
for payment may be made from revenues from public-utility services 
and from income derived from motor-vehicle license fees and fuel 
taxes. 

Theory of Bond Issues and Limitations on the Use of Credit for 
Highway and Street Improvements. The theory underlying the issu¬ 
ance of bonds for highway purj)oses is twofold: first, the economic 
return on the improvement, if iirovided immediately, is more than suffi¬ 
cient to pay the interest on the bonds; and second, future generations 
will share in the benefits of the improv'ement and should therefore 
bear a portion of the cost of the improvement. 

The extensive use of credit for highway purposes is a dangerous 
procedure because the future cannot be accurately prcvlicted. Many 
public organizations which had issued bonds for public improvements 
to be paid from property taxes found themselves unable to meet ma¬ 
turity obligations during the financial dejiression which began in 1929, 
and many extensive refinancing programs thus became necessary. 

administrative control and organization of 

HIGHWAY DEPARTMENTS 

Tlie administrative control of highway systems in the United States 
varies greatly in the different states. 

The administrative control of state highway systems in the United 
States generally is vested in a state highway commission, a state de¬ 
partment of public works, or a single administrator. Generally, the 
administrative officers are appointed by the governor of the state, but 
some are elected, and some are ex officio members. 

Unfortunately, appointments of administrative officers of state 
highway departments too often are political in character and are not 
made on the basis of fitness for the office. The ideal form of organiza¬ 
tion would be patterned after large business organizations and would 
consist of a commission composed of three to five men appointed for 
their outstanding ability, integrity, and interest in public affairs, who 
would select a capable executive to have responsible charge of the oper¬ 
ation of the organization. A capable engineer with extensive adminis¬ 
trative as well as engineering experience generally would be the most 
suitable type of executive officer, but a good business administrator who 
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knows how to cooperate with a technical staff often makes a very 
satisfactory executive. The commission would then meet at frequent 
intervals to adopt general policies, approve budgets and expenditures, 
and exercise general control over the acts of the executive officer. This 
form of organization possesses the advantage of being able to com¬ 
mand the services of outstanding men who could not afford to devote 
their full time to the work. 

The administrative control of county liighway systems, like that 
of state highway systems, varies greatly in the different states. In 
some states, county higliways arc directly under the control of a general 
county hoard wdiich is elected by the peoy)lc to administer all county 
business. This method is generally ineffective and often is no improve¬ 
ment over the townshij) plan of administration. In other states, ad¬ 
ministration is vested in a superintendent or other official who is ap¬ 
pointed by tlie general governing body of the county. This plan is 
usually more effective than the first method described but generally is 
entirely political in character. In still other states, county highways 
are administerc'd by a special board or commi‘<Mon which is elective or 
ai)})ointive. When men of outstanding ability and character are in¬ 
duced to serve on such a board and leave the details of administration 
to a capable executive, this plan is most effective. It is a somewhat 
surprising fact that extremely able men can be induced to serve on 
commissions of this kind for very nominal compensation. This plan 
has been wddely followed in Michigan and some other states and has 
been an outstanding success in many counties where men have been 
appointed whose only interest is in good management of public affairs. 
It is not popular, of course, with politicians, because, when properly 
administered, it eliminates political jiatronage. 

The care of township highways usually is entrusted to a highway 
commissioner who is elected by the people or is a})pointed by a general 
township board. 

Oroanization of Highway Devartments 

The organization of highway departments is developed in accord¬ 
ance with the particular functions whicli are to be fulfilled and varies 
according to state laws, type of road system, and the opinions and 
desires of administrative officials. 

Functions of State Highway Departments. The principal duties 
and responsibilities of state highw^ay departments generally are as 
follows: 
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1. Participation in the selection and establishment of the state 
highway system. The state highway departments of some 
states have very broad powers in the selection of the roads 
which form the state highway system. In many states the 
general location and direction of each route are described by 
legislative enactment, and the details of location are left to 
the discretion of the department. 

2. The construction and maintenance of the state highway sys¬ 
tem, including federal-aid roads. 

3. The distribution of state aid for highways to local units of 
government. 

4. Cooperation with local units of government by furnishing 
advisory service. 

5. The dissemination of information to the public through the 
medium of reports, meetings, specifications, and by other 
means. 

Numerous other duties, which vary greatly in the different states, 
are imposed on state highway departments. Some departments collect 
motor-license fees, others have charge of policing duties, and still 
others are required to administer certain regulatory functions. 

Functions of County Highway Departments. The principal func¬ 
tions of county highway departments are: 

1. The selection of the roads which constitute the county road 
system. This function applies only in those states which also 
have a town, or township, road system. 

2. The construction and maintenance of the county highway 
system, 

3. The establishment of new public highways. Necessarily, the 
partition of property and other rural developments requires 
the establishment of new highways from time to time. 

Functions of Township Highway Departments. Township high¬ 
way departments generally are concerned only with roads of purely 
local importance, and their duties consist of the imiirovement and 
maintenance of these roads and the establishment of new roads. 

Distribution of Authority and Responsibility. The work of state 
highway departments is usually arranged into several divisions, ap¬ 
proximately as follows: 

1. The administrative body or officer. 

2. A division of planning. 

3. A division of design. 

4. A division of construction. 

5. A division of maintenance. 

6. A division of tests and research. 

7. A division of public relations. 

8. A division of finance or accounts. 

9. A legal division. 
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Some of the larger county highway departments are similarly or¬ 
ganized; in others, a less-si)ecialized form of organization is adequate. 
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APPENDIX A 


DETERMINATION OF STREET INTERSECTION 
ELEVATIONS 

(Moon's Method) ^ 

1. Definition of Platforms. The center line intersection shall be 
deemed to be the point of intersection of the center lines, except for 
cases where the center lines do not meet at a common jx'int, when it 
shall be the area included within the center lines at their intersection 
(point c and area ccc in Fig. 1). 
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(a) Right-angled Intersection (6) Acute-angled Intersection 

Fig. 1. 

The curb line platform slmll be deemed to comprise the area in¬ 
cluded within the lines connecting the points of intersection of the curb 
tangents, or in the case of a street terminating at another street it shall 
comprise the area within the prolongations of the curb lines across the 
intersection and a line joining the curb tangents (areas aaaa in Fig. 1). 

The building line jilatform for rectangular intersections shall be 
deemed to include the area bounded by the jirolongations of the build¬ 
ing lines of both streets across the intersection so as to (*omprise the 
greatest platform area. In tlie case of other than right-angled inter¬ 
sections, it shall comjirise the area bounded by the respective lines of 

1 Moon, V. S., “Propo.sed Mc’thod of Interpreting (irade Klexations,” Proc. 
Municipal Engimeu oj the City of New York, 1911, p. 40. 
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each street and by lines at right angles or normal to the center lines 
and passing through acute-angled building line corners, or the corners 
giving the greatest platform area. If the intersection of the center 
lines falls without the Building Line Platform, as above described, 
the said platform shall be increased sufficiently to include the said 
intersection. When the building line corner is turned with a curve the 
platforms above defined shall be indicated upon the map unless herein 
definitely fixed. (The Building Line Platform is indicated in Fig. 1 
by the lines A AAA.) 

2. Definitions of Elevations Fixing Grades. Unless otherwise indi¬ 
cated on the map, the elevations shown at a street intersection shall 
be deemed to be that fixed for the point of intersection of the center 
lines of both streets affected, or for the Center Line Intersection. 

3. Treatment of Center Line Intersection. The Center Line Inter¬ 
section, when it comprises an appreciable area and unless otherwise 
shown on the map, shall have a uniform elevation at its boundaries, 
and in determining the elevations for the other platforms herein de¬ 
scribed the Center Line Intersection referred to as a basis of calcula¬ 
tion shall be deemed to be the nearest point on the center line of each 
street at the boundary of the said platform. 

4. Treatment of Platform for Streets llainng a Light Grade. If 
the grade of each of the intersecting streets is 3 per cent or less, as 
determined by calculating the rate between the established elevations, 
the elevation of the center lines of each street within the limits of the 
Curb Line Platform shall be the same as that fixed for the Center 
Line Intersection. The elevation of the curbs shall be determined as 
indicated in Paragraph 8. Provided, however, that the difference in 
the elevation of points on the center lines opposite any building line 
corner shall not provide a greater transverse sidewalk slope than that 
fixed as the maximum in Paragraph 7, in which latter event the 
Building Line Platform shall be used and the grades of that portion 
of the streets adjoining the said corners shall be flattened between the 
boundaries of the Building Line Platform and the Center Line Inter¬ 
section, as provided in Paragraph 5(a). 

5. Treatment of Platform for Streets Havmg a Steep Grade or 
Meeting at an Acute-angled Intersection, (a) If the grade of any 
portion or portions of intersecting streets adjoining a building line 
corner is over 3 per cent, as calculated between the established eleva¬ 
tions, or if a further flattening of the platform grade is required to 
provide proper sidewalk slopes for any part of an intersection described 
in Paragraph 4, the grades of the said portion or portions of each 
street shall be reduced between the boundaries of the Building Line 
Platform and the Center Line Intersection as follows: If the inter¬ 
secting streets are of the same width, the grade of the street traversing 
the shorter block length adjoining the intersection shall be reduced 
one-third and that of the street traversing the longer block shall be 
reduced two-thirds. In case the streets have different widths, the 
grade of the wider street shall be reduced one-third and that of the 
narrower street two-thirds between the above limits. All grades less 
than 3 per cent which are not herein required to be flattened shall be 



DETERMINATION OF STREET INTERSECTION ELEVATIONS 425 

applied at the same rate as originally computed between established 
elevations; provided, that in no case shall the maximum platform and 
sidewalk slopes fixed in Paragraphs 6 and 7 be exceeded. 

Any excess in grade over that allowed in Paragraph 7 shall be re¬ 
moved by further flattening, as follows: 

(b) Special flattening of platform grades for extreme cases of steep 
grades or acute-angled intersections. If the difference in elevation ten¬ 
tatively fixed for points on the center lines of intersecting streets 
opposite any building line corner, after applying the minimum and 
up to maximum transverse sidewalk slope on the higher and lower 
sides respectively, exceeds the maximum transverse sidewalk grades 
hereinbefore described, the elevation of each street at the boundary 
of the Building Line Platform shall be adjusted to remove the excess, 
the adjustment of each of the said elevations being directly propor¬ 
tional to the grade of each as originally flattened or applied. 

For all cases covered by Paragraphs (a) and (6) the elevations at 
the intersections of the center line of each of the narrower streets or 
at the streets traversing the longer blocks, if they are of equal width, 
with the Curb Line Platform of the intersected streets shall be the 
same as the elevation of a point on the center line of the intersected 
street immediately opposite the first-named intersection, except that 
the elevation at this point shall be abandoned when the grade along 
the center line between the Curb Line Platform and the Building Line 
Platform exceeds the grade as originally computed. 

The grades of the center line of the wider street or of the street 
traversing the shorter block, if they are of equal width, shall be uni¬ 
form between the exterior boundaries of the Building Line Platform 
and the Center Line Intersection, except that the maximum platform 
slope hereinafter fixed shall not be exceeded. The grades of the center 
line of the narrower street or of the street traversing the longer block, 
if they are of equal width, shall be uniform between the elevations 
fixed at the exterior boundaries of the Building Line Platform and 
those fixed at the boundaries of the Curb Line Platform, and also 
between the latter point and the Center Line Intersection. 

6. Maximum Platform Grades. The maximum allowable grade 
along the center line between the Curb Line Platform and the Center 
Line Intersection shall be at the rate of 4 per cent, unless otherwise 
indicated on the map. 

The grades along the center line between elevations established 
within the limits of a Building Line Platform shall be uniform, subject 
only to the flattening provided for in Paragraph 5(b). 

7. Transverse Sidewalk Grades. Whenever practicable, the side¬ 
walk shall slope upwards in a direction at right angles to the curb 
toward the building line at the rate of 2 per cent. 

The elevation of the sidewalk at the building line corner shall be 
determined by applying this rate to the elevation of the curb, giving 
the higher building line elevation, at a point immediately opposite the 
corner, unless the resulting grade on the lower side exceeds 6 per cent, 
in which case the sidewalk shall be level on the higher side and a 
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greater transverse sidewalk slope up to the maximum shall be used 
on the lower side. 

The maximum transverse sidewalk slope shall be 6 per cent, except 
in those cases where the street grade as originally computed on any 
street adjoining a building line corner is more than 6 per cent, wdien 
the maximum slope shall be 10 per cent for either street, opposite the 
said corner. In no case shall the sidewalk at the building line be 
lower than that of a point immediately opposite it on the curb. If 
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the transverse sidewalk slope at the building line corner is more or 
less than 2 j)er cent, it shall be made to agree with this latter rate at 
a point distant 25 ft from the building line corner. 

8. Curl) Elevations. The relation between the elevation of the 
center lines and of the toj) of the curbs at points immediately opposite 
it at tlie boundary of and outwardly from the Building Line Platform 
shall be as follows: Yov roadway widths of 24 ft or less the top of 
the curbs shall be 0.1 ft higher than the center line. P'or roadway 
widths ranging from 24 ft uj) to and including 34 ft the top of the 
curbs and the center line shall be at the same elevation. For road¬ 
way widths ranging from 34 ft up to and including 44 ft the top of 
the curbs shall be 0.1 ft lower than the center line. For roadway 
widths ranging from 44 ft up to and including 54 ft the top of the 
curbs shall be 0.2 ft lower than the center line, and for roadway widths 
ranging from 54 ft up to and including 64 ft the top of the curbs 
shall be 0.3 ft lower than the center line. 
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The elevation of the intersection of the curb tangents shall be 
determined from a point immediately opposite on the center line of 
the wider street or the street traversing the shorter block, if they are 
of equal width, subject, however, to the same correction in elevation 
between the top of the curbs and the center line as lierein provided. 

9. Depth of Gutters. Whenever practicable a standard depth of 
gutter of 0.4 ft shall be used. 

10. Curb Grades at Corners. The tangents in the curbs shall be 
graded uniformly between the elevations established for them at the 
boundaries of the Building Line Platform and at the intersection of 
the curb tangents. The curve formed in the curb joining the tangents 
shall follow a uniform grade between the elevations of the curb tan¬ 
gents at the points of curve. 

11. Grades between Platforms. The grades of the center line and 
of the curbs between the elevations comj)uted at platform intersec¬ 
tions, or between a platform and an intermediate established elevation, 
shall be uniform. 

Figure 2 illustrates the design of an intersection according to this 
method. 
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TABLES FOR DETERMINING VOLUMES OF EARTHWORK 

Directions for Using the TABLFis 

Tbf* figures at the top and bottom of Table A represent the number of 
‘‘hundred’^ cubic yards for the sums of the end areas (in square feet) given in 
the body of Table A. The figures in the body of Table B represent the balance 
of the volume (in cubic yards) for “tenths” of square fe(‘t, as indicated at the 
top of Table B. 

Example 1. The sum of the end areas of two adjacent cross-sections is 93.0 
8C| ft. Find 93 in Table A. It is in the column headed 100 cu yd. The balance 
of the volume is found in Table B in the columij iieaded 0.0 sq ft and opposite 
the figure 93 in Table A, or 72^2 cu yd. The total volume of earthwork in the 
100-ft prism between the two adjacent cross-sections is therefore 100 -|- 72i2 = 
172.2 cu yd. 

Example 2, The sum of the end areas of two adjacent cross-sections is 408.6 
sq ft. Find 408 in Table A. It is in the column headed 700 cu yd. The balance 
of the volume is found in Table B in the column headed 0.6 sq ft and opposite 
the figure 408 in Table A, or 56.7 cu yd. The total volume of earthwork in the 
100-ft prism between the two adjacent cross-sections is tlierefore 700 + 56.7 = 
756.7 cu yd. 

These tables are based on cross-sections 1(X) ft apart; when adjacent cross- 
sections are not 100 ft apart, nuiltqily the volume obtained from the tables by 
the distance between the cross-se'ctions and divide by 100. 
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Vohxmm OF Eabthwork, in Cubic Yakdb, fob IOQ-Pt Prisms, Cobbbspondinq 

TABLE A 



500 

1000 


1500 


925 9 
1851 9 


2777,8 


1000 


Cubic Yabos fob thb Sum 
2000 » 3703 7 
2600 - 4629.t 
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•VO Vabiouh StJlis or Ein>-ARBAa (in Squarx Fbet) op Eno CRoas-sacttoiitt 

TABLE B 



or THB £vd Arkar Oveb 500 
3000 - 5555 6 
3500 - 6481.5 


4000 - 7407 4 
4500 - 8333 3 
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PROBLEMS 


CHAPTER I 

1. Prepare a statement describing the administration of rural highway i^s- 
terns in your state. How are the officials selected who are in direct charge of 
each system? How many miles of highway are in each system? (The last 
annual report of the organization in charge of the state highway system should 
be consulted.) 

CHAPTER II 

I. Plot the grading, or mechanical analysis, curve of soil 8 in Table 1, and 
determine the effective size of the soil particles. Plot the percentage of particles 

TABLE 1 
Soil Test Results 



Mechanical Analysis 

Constants 


Coarse 

Fine 

Silt 

Clay 





Moisture 

Soil 

Sand 

Sand 



Plas- 

Shrink- 

Equivalent 

No. 






Liquid 



2.0 

0.25 



■m 

ticity 

age 




Limit 


to 

to 

to 

Below 

Below 

Index 


Centri- 

Field 


0.25 


0.005 

0.005 

0.001 




fuge 


mm 

mm 

mm 

mm 

mm 






1 1 

54 

27 

12 

7 

5 

22 

2 

18 

11 

19 

2 

20 

78 

1 

1 

0 




3 

21 

3 

0 

7 

55 

38 

24 

51 

29 

17 

36 

39 

4 

0 

11 

57 

32 

16 

55 

36 

13 

55* 

36 

6 

9 

26 

46 

19 

4 

32 

14 

22 

33 

27 

6 

1 

4 


35 

16 


7 

18 

28 

21 

7 

48 

26 

6 

20 

16 


11 

18 

13 

23 

8 

74 

18 

3 

5 

3 

11 



5 

16 

9 

51 

25 

16 

8 

6 

17 

4 

15 

13 

14 

13 

1 

3 

24 

72 

34 

75 

41 

27 


43 


* Waterlossed. 


smaller than a given size as ordinates and size of particles as abscissas. Semi- 
logarithmic coordinate paper will be found most satisfactory. 
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2. Classify the various soils of Table 1 into the U. S. P. R. A. uniform sub- 
grade groups. 

3. Soil 6 occurred in Minnesota and heaved badly in the winter. If this soil 
occurred in thick layers of great length, what methods would you suggest for 
preventing frost heave? 

4 . A concrete pavement constructed on soil 3 cracked appreciably during the 
setting of the concrete. How would you treat a suhgrade, composed of this 
soil, to prevent such cracking? 


CHAPTER in 

1. Determine the commercial size of concrete pipe required to drain 160 acres 
of flat farm land. 

2. Calculate the required area of waterway opening for a culvert to drain 
320 acres of steep and rocky land with abrupt slopes. 

3. Calculate the rate of discharge in cubic feet per second by the Burkli- 
Z’egler formula for 40 acres of farm land whose average slope is 20 ft per 1000, 
The maximum rate of rainfall is 4 in. per hr. Determine the commercial size of 
circular clay pipe required for a length of 30 ft and a head of not over 0.4 ft 
on the pipe. 

4 . The inside edge of a straight concrete headwall for a 36-in. circular pipe 
culvert to be constructed across a road is to be on the outside shoulder line, 
and the top of the headwall is to be 4 in. above the outside shoulder line. The 

•side slopes of the road embankment are IMi : 1, and the headwall is 8 in. thick at 
the top. The bottom of the pipe is to be 4V^ ft below the surface of the 
ground at the inside face of the headwall. The roadway on each side of the 
culvert will be in embankment. Determine the length of the headwall. 

CHAPTER IV 

1. Calculate the discharge of vehicles or the traffic capacity of a single 
traffic lane, for vehicle speeds from 10 to 60 mi per hr, by means of formulas 
9, 10, and 11. 

2. Two thousand vehicles passed through a vehicular tunnel on a single 
traffic lane in 1 hr at an average speed of 36 mi per hr. Calculate the average 
clearance between the vehicles. 

3. A brick pavement to be constructed on a concrete base course has a 
width of 56 ft between curbs. What should be the minimum and maximum 
height of the center line of the pavement above the upper surface of the gutter 
adjacent to the curbs? 

4 . What should be the elevation of the top of a manhole located 17 ft from 
the center of a roadway 56 ft wide, if the crown is parabolic and equal at the 
center to H in. per ft of half width? The elevation of the center of the road¬ 
way is 110AO ft. 

5. Design the cross-section of a residential street, 30 ft in width, on which 
it is desirable to use an unsymmetrical crown, the gutter on the high side being 
1 ft higher than that on the low side. Six-inch curbs will be used, and the 
crown height, measured as for a symmetrical cross-section, will be determined 
in accordance with Moon's method, described in Appendix A. 

6. A road on a sidehill location is on a 3** horizontal curve, and the distance, 
at a height of 5 ft, from the center of the roadway to the side slope of the 
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bank on the inside of the curve is 41 ft. What is the sight distance along the 
center line of the roadway? If a sight distance of 1000 ft is desired, how far 
back must the side bank be excavated? 

7. Compute the total theoretical superelevation for a 20-ft paved roadway 
constructed on a curve, whose radius is 600 ft, for a vehicle speed of 30 mi 
per hr. Disregard friction. 

8. Compute the total theoretical superelevation for an 18-ft paved roadway 
constructed on a curve whose degree of curvature is 6* for a vehicle speed of 
40 mi per hr. Disregard friction. 

9. Determine the amount of widening required for a paved roadway con¬ 
structed on a curve whose radius is 600 ft. 

10. Determine the amount of widening required for a paved roadway con¬ 
structed on a curve whose degree of curvat\ire is 6®. 

11. Derive formula 18. 

12. The point of intersection of two grade tangents occurs at Station 46 -f 00 
at an elevation of 52.40 ft. The back tangent has a grade of plus 5 per cent and 
the forward tangent a grade of minus 1 per cent. Calculate the elevations for 
each 60-ft station on a vertical parabolic curve 500 ft long. 

13. A minus 4 per cent grade meets a minus 0.5 per cent grade at Station 
124 4- 50 at an ehwation of 72530 ft. Calculate the elevations for each 50-ft 
station on a vertical parabolic curve 300 ft long. What would be the elevation 
on the vertical curve for Station 123-|-87? 

14. A grade tangent of plus 2 per cent has an elevation of 141.60 ft at Station 
21 -|- 00, and a grade tangent of minus 3 per cent has an elevation of 139.60 at 
Station 22 4- 00. Compute the station and elevation of the intersection of the 
grade tangents. Determine the elevation of the vertical curve at the point of 
intersection for a imrabolic curve 600 ft long. 

15. If Z is the distance from the beginning of a vertical curve to the low point 
on a vertical curve in a sag, prove that Z = OjL/(Gi — Go). An inlet is to be 
located at the low i)oint of a gutter which is constructed on a vertical curve. 
The back tangent ha.s a grade of minus 2.5 j>er cent, and the forward tangent a 
grade of plus 0.5 per cent. The intersection of the grade tangents is at Station 
25 4“ 50 at elev ation 656.50 ft. The vertical parabolic curv^e is 300 ft long. De¬ 
termine the station and elevation of the gutter for the point where the inlet 
should be placed. 

16. A north-and-south street intersects an east-and-west street. Design the 
intersection for the following data: 

Widths: 

North-and-south street: 

Between property lines 
Between curbs 
East-and-west street: 

Between property lines 
Between curbs 

Grades: 

North-and-south street, going north: 

South of intersection -t-6 per cent 

North of intersection 4-4 per cent 

East-and-west street, going east ■ 

West of intersection 4-5 per cent 

East of intersection i-3 per cent 


50 ft 
30 ft 

60 ft 
40 ft 
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The estahHished elevation of the center of the intersection is Kiev. 100. 

17, A north-andnsouth street intersects an east-and-west street. Design the 
intersection for the following data: 


Widths: 

North-and-south street: 

Between property lines 
Between curbs 
East-and-wcst street: 

Between property lines 
Between curbs 

Grades: 

North-and-south street, going north: 
South of intersection 
North of intersection 
East-and-west street, going west 
West of intersection 
East of intersection 


50 ft 



28 ft 



70 ft 



46 ft 



-f4.8 

per 

cent 

-1-33 

per 

cent 

4-4.5 

per 

cent 

4-3.6 

per 

cent 


The established elevation of the center of the intersection is Elev. 50. 


CHAPTER V 

1. Furnish each student a set of plans for improving a rural highway. Show 
on the plan the location and marking of the slope stakes for one cross-section 
m cut and one cross-section in fill. 

2. Prepare a statement showing the type of grading machinery best adapted 
for the projcTt of Problem 1. 

3. Refer to Vrocc(dtnqs, Hiqhway Riacarch Bomd, Vol. 18 (1938), Part II, 
l>p 157-160; list the factors which affect the value of the compacted unit weight 
of soil a.s (leteimined by the Proctor test. What procedure, relative to the 
rigidity of the .'^u])l)ort ujion winch the compaction is performed, is followed by 
the National Paik SerMce? 

4. Consult the same reference as in Problem 3, p}). 158-174. Outline the 
procedure employed by the Ohio State Highway Department in determining 
the degree of compaction of embankments. 

CHAPTER VI 

1. One hundred pounds of Trinidad Lake a.sphalt whose .spi'cific gravity is 
1397 is fluxed with 12 lb of asphalt flux whose specific gravity is 1007. Calcu¬ 
late the specific gravity of the fluxed asphalt. 

2. Refined asphalt whose normal penetration is 25 points is to be fluxed so 
that the resulting asphalt cement will have a normal penetration of 65 points. 
If the addition of 1 lb of flux to 100 lb of refined asphalt inen a.ses the pene¬ 
tration of the a.sphalt 3 points, how many j>ounds of flux should be added to a 
500-lb batch of refined asphalt^ 

3. Refined Trinidad asphalt has a bitumen content of 56 per cent. Sixty 
|)Ounds of flux who.se bitumen content i.s practically 100 per cent is added to 
100 lb of refined Trinidad asphalt. Calculate the bitumen content of the re¬ 
sulting asphalt cement. 

*“4. What would be the invoice volume of a tank car of asphalt cement at 
60* F if the volume was 10,210 gal at a loading temperature of 340* F? The 
specific gravity of the asphalt cement is 1.03. 
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5« The purchm price of fluid tar is I0j05 per gal based on the volume of the 
tar at 60^ F A tank car contains 9605 ga) of fluid tar at the loading tempeta*** 
ture of 285^ F Calculate the cost of the tar 

CHAPTER VII 

1. Determine the thickness of a flexible pavement for a wheel load of 9000 
lb on a single balloon tire» employmg Goldbeck’s procedure The bearmg value 
of the subgrade was found from tests to be 30 Ib per sq m 

fl. A truck equipped with dual tires on the rear wheels cames the legal 
maximum axle load of 18,000 lb What size of balloon tire is requiied^ As¬ 
sume that one of the tires carries the entire wheel load Determine the thick¬ 
ness of a flexible pavement to carry the load foi a ^ubgiade supporting value of 
30 lb i>er sq in 

3. Assume that the tires of Problem 2 are inflated to the same pressure as 
in Problem 1 Determine the thickness of flexible pavement 

4. Assume that the tire of Problem 1 cames an overload of 100 per cent De¬ 
termine the thickness of flexible pavement 

CHAPTER VIII 

1. A glacial gravel deposit, containing gravel of the composition shown below, 
IS available for gravel road construction on a day subgradc 

Per Cent 


Passing 2-in screen, retained on 1-m screen 19 

Passing 1-m screen, retained on %-m screen 40 

Passing ^-in screen, retained on 10-mesh sieve 8 

Passing 10-mesh sieve, retamed on 60-mchh sieve 14 

Passing 60-mesh sieve retained on 200-mesh sieve 7 

Passing 200-mesh sieve 12 


The clay in this gravel is present m the form of a finely divided coating on 
the particles of stone Write a specification for the composition of the gravel 
surface which will permit the use of this material and produce a satisfactory 
roadway Describe how the gravel m the deposit must be treated to meet the 
above specifications 

2. The materials described in Table 2 are available for the construction of a 
gravel type of soil road surface Determine the weight proportions of the ma¬ 
terials which will give a satihfactorv mixture How would you determine 
whether the binder m the mixture was satisfactory ^ 


TABLE 2 

Tests of Bank Gravi<l and Binder Soil 



Bank, 

Binder 


Gravel 

Soil, 


per cent 

per cent 

Passing 1-m sieve 

100 


Passing %-in sieve 

92 


Passing %-m sieve 

70 


Passing No 4 sieve 

41 

100 

Passing No 10 sieve 

32 

98 

Passing No 40 sieve 

17 

90 

Passing No 200 sieve 

2 

86 

Plasticity index 


24 



moBiMm 


m 

% TW gra^l and bmder soil of Problem 2 weigh 25 and 75 lb per cu ft, 
respeetiveiy, at the source of supply. Determine the volume proportions in 
whteh to mix the two materials. 

4. Assume that the road surface of Problem 1 wiU have the idiape of eroaa^ 
sectioii shown in Fig. 58(d), and that the compacted mixture weii^ 150 lb. 
per cu ft. How many cubic yards, loose measure, of each material will be re¬ 
quired for 1 mile of road? 


CHAPTER IX 

1. Draw a cross-section of a waterbound macadam roadway (which will have 
a bituminous surface treatment) for two-lane traffic, and estimate the quantity 
of broken stone required for 1 mi of road. 

2. Prepare an outline showing the number of men and the items of equip¬ 
ment required to construct a waterbound macadam roadway. 

3. Estimate the quantity of materials required per mile of bituminous mac¬ 
adam pavement, 20 ft wide, for the cross-section shown in Fig. 65, Assume 
that the foundation course is of gravel and has a compacted thickness of 5 in. 
The estimate shall include the foundation course, the gravel shoulders, the 
broken stone base course, and the bituminous macadam layer. Disregard the 
bituminous surface treatment on the gravel shoulders. 

CHAPTER X 

1. Estimate the quantities of materials required for a bituminous carpet coat 
on the gravel shoulders of Problem 3, Chapter IX Assume the gravel shoul¬ 
ders are firmly bound Grade MC-l liquid asphalt will be employed for the 
prime coat, and 85-100 penetration asfdialt for tiie carpet coat. The stone 
chips* for the cover coat shall vary from Vj in. to a No 4 sieve opening in 
size. Wnte a specification for the size and grading of the stone chips. (Con¬ 
sult the AS.TM. Specifications for Standard Sizes of Coarse Aggregate for 
Highway Construction ) 

2. Determine the percentage of road oil required by the modified McKesson- 
Frickstad formula for a bPuminous surface composed of crushed gravel treated 
by the road-mix method. The grading of the aggregate is as follows: 

Per Cent 

Passing 1-in., retained on 10-mesh 542 

Passing 10-mesh, retained on 200-mesh 342 

Passing 200-me6h 11.0 

3. A bituminous surface 2J5 in. thick and 20 ft wide is to be constructed ol 
graded mineral aggregate by the road-mix method. The compacted mineral ag¬ 
gregate has been found to weigh 135 lb per cu ft. The aggregate in a loose 
condition weighs 112 lb per cu ft. Calculate the number of cubic feet of loose 
mineral aggregate required per linear foot of roadway. 

CHAPTER XI 

1. Compute the distance in feet between transverse joints for no intermediate 
cracking for an 8-in. plain concrete pavement, 10 ft wide between longitudinal 
joints, for an allowable tensile strength of concrete of 30 lb per sq in. The 
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coefficient of snbgrade friction is lA. Assume that concrete weighs 144 lb per 
cu ft. 

2. A plain concrete beam, 6 in. by 6 in. in cross-section, was tested with 
center loading on a 24-in. span. The breaking load was 4250 lb. Determine 
the modulus of rupture which is the apparent breaking tensile stress in the 
outer fiber of the concrete. 

3. Calculate the modulus of rupture for a plain concrete beam, 8 in. by 8 in. 

in cross-section, tested with loading at the third points on a 30-in. span. The 
breaking load registered on the testing machine was 5120 lb. 

4. What is the effect of the weight of the beam of Problem 3 on the value 

of the modulus of rupture? 

5. The maximum legal wheel load is 8000 lb on high-pressure tires. Con¬ 
sider that the load is applied at the edge of a plain concrete slab at a free 
transverse joint. Assume an allowable unit stress in flexure equal to 400 lb 
per sq in. Calculate the thickness of slab required, employing Cider’s procedure. 

6. Determine, by Cider’s procedure, the thickness of a reinforced-concrete 

slab with dowels across longitudinal and tran.sverse joints for a maximum wheel 
load of 8000 lb on high-pressure tires, assuming an allowable unit stress in 

flexure of 300 lb per sq m. As.sume the cross-section of the slab has the shape 

shown in Fig. 88(6). 

7. Plot the impact factors of Table 20 (vertically) against the static wheel 
loads, and determine, by projecting the diagrams, the total impact reaction for 
a static wheel load of 12,000 lb on dual high-pre.ssurc tires and for a static wheel 
load of 13,500 lb on dual balloon tires. 

8 . Determine, by the Westergaard procedure, the thickness of a concrete 
pavement carrying a wheel load of 8000 lb on dual high-pre.s.sure tires for a 
uniform unit stress (caused by load and temperature) throughout the cross- 
section of 400 lb per sq in. The h'ugth of tlie slab Ix'tween transver.se joints 
is 10 ft. 


CHAPTER XII 

1. Prepare an outline showing the inspectors reciuired to supervise the con¬ 
struction of a concrete pavement on which a central proportioning plant and 
paving mixer are u.sed, and list the duties of each inspector. 

2. A concrete pavement has a width of 20 ft, an edge thickness of 9 in., and 
a center thickne.ss of 6^^ in. The edge thickne.s.s tapers uniformly to the center 
thickne.ss in a dihtance of 24 in The specifications n'quire a minimum cement 
content of 1.50 barrels of cement jier cubic yard of concrete. Determine the 
quantity of cement required per linear foot of pavement. 

3. Draw a cross-section of an integral curb for a concrete pavement to be 
placed on a (dty street. 

4. Prepare an estimate of the quantities of materials for 1 mi of reinforced- 
concrete pavement from a set of plans for a specific project. 


CHAPTER XIII 

1. Two sands, represented by the following mechanical analyses, are avail¬ 
able for use in a slieet asphalt mixture. Determine the proportions of each 
sand in a mixture of the two sands which will produce a satisfactory grading. 
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Sand A Sand B 

Retained lO-mesh 1 

Passing 10-mesh, retained on 20-mesh 8 

Passing 20-me8h, retained on 30-mesh 16 

Passing 30-mesh, retained on 40-me&h 23 

Passmg 40-me8h, retained on SO-mesh 28 1 

Passing 50-mesh, retained on 80-mesli 19 13 

Passmg 80-mesh, retamed on 100-incsh 4 32 

Passmg 100-mesh, retained on 200-mesh 1 47 

Passmg 200-mesh 0 7 


2. Two sands, represented by the following mechamcal analyses, are avail¬ 
able for use in a sheet asphalt mixture Determine the proportions of each 
sand m a mixture of the two sands which will produce a satisfactory grading 
for heavy traffic conditions. 

PfrCxnt 


Sand A Sand B 

Passing 10-mesh, retained on 20-mesh 0 23 

Passing 20-mesh, retained on 30-mo‘5h 0 34 

Passmg 30-mesh, retamed on 40-mesh 4 22 

Passmg 40-mesh, retained on 50-mesh 11 16 

Passmg SO-mesh, retained on SO-mesh 40 5 

Passmg 80-mesh, rctamed on lOO-meish 21 0 

Passmg 100-mesh, retained on 200-mesh 2^ 0 

Passmg 200-mesh 1 0 


3. Using the sand mixture obtained m Problem 2, design a sheet asphalt 
mixture to have 11 per cent bitumen and 14 i)rr cent mineral filler finer than 
200-mesh The asphalt cement has a bitumen content of 99 5 pei cent The 
limestone dust to be used for filler has this grading 

PfcR Clnt 


Passmg 40-mesh, retaine'd on 50-m(sh 1 

Passmg 50-mcsh retained on 80-mosh 3 

Passmg 80-mesh, retained on 100-mesh 5 

Passing 100-mesh, retained on 200-mesh 16 

Passing 200-mesh 75 


Show the sieve analysis of the sheet asphalt mixture Check the grading of the 
sand m the sheet asphalt mixtuic to see that it appioximatcs the hewy traffic 
standard sand grading 

4 . The specifications for a sheet asphalt wearing course require 10 5 per cent 
bitumen, 20 per cent mineral filler, and 69 5 per cent sand by weight The 
asphalt IS Bermudez asphalt cement containing 95 per cent bitumen and 5 per 
(cnt mineial matter The ‘stone dust used for mineral filler has 80 per cent pass¬ 
mg the 200-mesh sieve The sand has 4 jier cent passmg the 200-mcsh sieve 
Compute the amounts of materials required for 100 lb of mixture 

5. The specifications for a sheet asphalt wearing course required 10.5 per 
cent bitumen, 15 per cent mineral filler, and 74.5 per cent sand by weight The 
asphalt used was practically pure bitumen The limestone dust used mineial 
filler had 216 per cent retained on the 200-mesh sieve Potomac Rncr sand 
which was used had 91 per cent passmg the 200-mcsh sie\e and 100 per cent 
passmg the 10-mesh sieve Compute the percentage of materials for the mix¬ 
ture 
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6. The following data were obtained by the Le Chatelier flask method for 
determining the specific gravity of the limestone dust and Potomac River sand 
used in the mixture given in Problem 5. 

Final Reading 

Initial Reading Water and Weight or 


Materul Water, cc. Material, cc. Material, gm. 

Limestone dust. 0.40 18.57 50.0 

Potomac River sand .OfiO 19.05 50.0 


The specific gravity of the asphalt was determined to be 1.013. Calculate the 
maximum theoretical density of the sheet asphalt mixture. 

7. A sample of sheet asphalt mixture referred to in Problems 5 and 6 was 
compressed at a temperature of 250® F into the form of a cylindrical briquette, 
weighing 11034 grams in air and 00.08 grams in water. Determine the percent¬ 
age of voids in the mixture. 

8 . The proportions, by weight, and the specific gravities of each of the con¬ 
stituents of a sheet asphalt mixture are as follows: 

Specific Per Cent 
Gravity by Weight 

Sand . 2.04 72 

Limestone dust.2.70 18 

Asphalt cement. 1.048 10 

The mixture, as compacted by the rollers, had a specific gravity of 227; the 
specific gravity of a. sample compressed in the laboratory was 239; determine 
the maximum theoretical density and compare the efficiency of the rolling opera¬ 
tion with the density obtained in the laboratory. 

9. The proportions, by weight, and the specific gravities of each of the con¬ 
stituents of a sheet asphalt mixture are as follows: 

Specific Per Cent 

Gravity by Weight 

Sand. 2.06 70 

Limestone dust .2.70 19 

Asphalt cement .... 1.02 11 

The mixture^ as compacted by the rollers on the street, had a specific gravity of 
232. (a) Determine the maximum theoretical density. (6) Determine the per¬ 
centage of voids, (c) Compute the weight of a square yard of 1 Mi-in. wearing 
surface. 

10. The proportions, by weight, and the specific gravities of each of the con¬ 
stituents of an asphaltic concrete mixture are as follows: 

Specific Per Cent 

Gravity by Weight 


Stone . 2.70 60 

Sand . 2.65 39 


Limestone dust.2.70 5 

Asphalt cement.1.01 6 

The mixture, as compacted by the rollers on the street, had a specific gravity of 
236. (a) Determine the maximum theoretical density, (b) Determine the per¬ 
centage of voids, (c) Compute the weight of a square yard of 2-in. asphaltic 
concrete surface, (d) If the specific gravity of a sample compressed in the 
laboratory was 2.40, compare the effi(»ency of the rolling operation with the 
density obtained in the laboratory. 
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11. A mixiitg plant haa a capacity of 1500 sq yd of 2-in. asphaltic concrete 
wearing course per working day of 10 hours. Refer to Problem 10 for the pro¬ 
portions of the mixture. The capacity of the mixer is 1200 Ib of mixture. The 
asphalt cement is practically 100 per cent bitumen. The sand and stone weigh 
105 lb per cu ft. The limestone dust is not passed through the drier, (a) Cal¬ 
culate the required daily capacity of the drier and the melting tanks, (h) De¬ 
termine the number of batches required to produce the 1500 sq yd of surfacing, 
(c) Compute the allowable time for charging the mixer if it requires 1 min 
to mix each batch thoroughly. 

12. If Trinidad asphalt cement which is 76.7 per cent soluble in carbon disul¬ 
phide is substituted for the asphalt cement given in Problem 11, calculate the 
required daily capacity of the melting tanks. 

13. The percentages by weight of materials used in an asphaltic concrete mix¬ 
ture are asphalt cement 7 per cent, hydrated lime for filler 5 per cent, sand 33 per 
emtf and stone 55 per cent. The asphalt cement, hydrated lime, and stone are 
imported by railroad to a point of delivery 2.5 mi away from the end of a road 
project 1 mi long, making an average haul to the job of 3 mi. The sand is 
obtained from a pit 1.5 mi from the end of the job, making an average haul of 
2 mi to the job. The sand pit is 3 mi from the railroad delivery. Assume 
the cost of hauling either raw materials or finished mixture as 20 cents per ton- 
mile. Two locations are available for the asphalt paving plant: (1) at the rail¬ 
road delivery, and (2) at the sand pit. Where should the plant be located from 
the standpoint of the most economical haul? Arrange work in tabular form. 

14. Prepare an outline showing the inspectors required for the supervision of 
the construction of a sheet asphalt pavement and the duties of each. 


CHAPTER ZIV 

1. A Kentucky rock asphalt wearing course is to be placed on a new water- 
bound macadam foundation 21 ft in width. The rock asphalt layer is to be 
20 ft in width and, after compaction by rolling, 1% in. in thickness. A prime 
coat of ^ gal of Grade MC-2 liquid asphalt per square yard is to be applied 
and traffic allowed on the foundation. Immediately before the placing of the 
rock asphalt a tack coat of H gal of Grade RC-1 liquid asphalt per square 
yard is to be applied. Assume that the rock asphalt, after compaction by roll¬ 
ing, weighs 90 lb per sq yd per in. of thickness. Calculate the quantities of ma¬ 
terials per mile of pavement exclusive of the foundation. Show the quantities 
of liquid asphalts in gallons and the quantity of rock asphalt in tons. 


CHAPTER XV 

1. Prepare an estimate showing the quantity of each of the following ma¬ 
terials necessary for the construction of a mile of 18-ft brick pavement: 

Sand for bituminous mastic. 

Asphalt for bituminous mastic. 

Paving brick, 2% by 4 by 8% in. 

Asphalt filler. 

Assume that the compacted mastic weighs 92 lb per sq yd per in. ctf thiekness; 
also that the bricks have side lugs and end lugs, each % in. in height. 
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CHAPTER XVI 


1. A county road e^stem embraces the following types of road surfaces: 


Brick on concrete base course 2 mi 

Coarse-gradcd asphaltic concrete: 

On concrete base course 5 mi 

On waterbound macadam base course 28 mi 

Concrete 8 mi 

Bituminous macadam, asphalt binder: 

18 ft wide 8 mi 

20 ft wide 10 mi 

Waterbound macadam: 

10 ft wide 100 mi 

16 ft wide 81 mi 

18 ft wide 260 mi 

Gravel, untreated, not stabilized 294 mi 

Unimproved earth 522 mi 


Prepare a list of tlie operations involved in the maintenance of each surface, and 
indicate the kind of ecjuipment which you think should be provided for these 
operations. 

2. Assume that the macadam road surfaces of Problem 1 require a bituminous 
surface treatment e\ery 8 years and that a carpet coat, Yj in. in thickness, will 
be satisfactory. Assume the following a\erage prices: 

Cost of stone, placed on the road surface, per ton $2.20 

Cost of cut-back asphalt, Grade RC-3, placed on the road surface, per gallon 0.11 
Cost of rolling, per mile 12.00 

What amount of money, on the average, must be included in the annual 
budget for surface treatnumt? 

3. Prejiare a statement showing the n'sjjonsibility of public highway depart¬ 
ments in your state for the condition of highways. Does the common-law rule 
of “no liability” api)ly, or i.s the re.sponsibility fixed by statute? 

CHAPTER XVII 

1. How would you arrange for convenient access to governmental survey 
comers on a section line road on which the section line falls within the paved 
area? 

2. If a set of drawings showing the topographical details of a section of rough 
country can be conveniently obtained, select tentative locations for a highway 
between fixed points. 

3. Inspect several '•ailroad and highway intersections in or near your city and 
suggest one crossing for which grade separation would be especially desirable. 
What type of .separation would you select? Give the reasons for your answer. 
How would the structure affect the value of adjacent property? 

4 . Assume that an unimproved land-service road, on which the natural ground 
surface has gentle slopes with good drainage facilities, is to be improved with 
a gravel or other low-cost surface. All grading operations can be performed 
with a blade grader. Assume that the road nins at an angle with the govern¬ 
mental land lines and has several curves; the boundaries of the road are not 
well defined, and no previous survey records are available. Prepare a state¬ 
ment showing how you would proceed with a survey and plans for improv- 




PROBLEMS 44| 

ing the road by day labor. How would you set stakes for the grading and 
mirfadng? 

5. Give the class the plans for a seftion of rural highway which embraces a 
large amount of earthwork on which the grade has been designed. Determine 
the quantity of overhaul. 

6. Prepare an estimate of (plantities for a section of rural highway, u.sing a 
set of plans which have been prepared. 


CHAPTER XVIII 

1. A gravel road surface is constructed to a width of 20 ft and to a com¬ 
pacted depth of 8 in., at a cost of $0.55 per s(| yt* The av(*ragi‘ daily traffic is 
250 vehicles. Calcium chloride is used as a dus» luver, and three applications of 
1, 0.75, and 0.75 lb per s(| yd to a width of 18 ft are recpiirfal annually; the cost 
of applying the calcium chlorid*', including the* cost of the' material, is $27 per 
ton. Assume that the annual co.^t of floating the surface is $75 per mile and of 
patching is $60 per mile. Assume the annual cost of ix'iiodic mainlenance to be 
$250 per mile. Calculate the annual cost of the w(‘aring surface, exclusive of 
administration. Assume an mtei'est rate of 3 per cent 

2. Assume that the gra\el road in I’roblem 1 may be used as (iio base for a 
low-cost bituminous wiairing course m. in thickness and 19 ft in width. 
Assume that the bituminous w’earing .surface may be cwn.striuded at a cost of 
$0.35 p('r .sq. yd. As.sunie the annual cost of ordinarv maintenance to be as 
follows; 

Patching surface $60 ])er mi 

A.saume the annual cost of periodic maintenance' to be as follow,s: 

Minor rejilacement.s $25 jier mi 

Major r(‘placeinent.s $150 p(*r mi 

C/alculate the annual co.st of operation of tlie highway, ('xclu.sive of ad- 
mini.stration. 

3. A bituminous macadam jiavenumt, 18 ft wide, ha.s an initial co.st of $1.00 
per .sq yd, an annual maintenance co.st of $250 i)er mi, and a periodic main¬ 
tenance cost of $290 p<‘r vr jier nil. A concrete' pa\('inent of the .same width 
has an initial cost of $1.70 p(T .scj yd, an annual maintf'iiance co.st of $150 per 
mi, and a periodic maintenance co.st of $800 ikt vr per mi. The costs of ad¬ 
ministration are included in the maintenance* \alu(‘.s. The rate of intere.st may 
be taken as 4 jier cent. A.s.sume that the co.st of vehicle* ope'ration on the con¬ 
crete pavement is ^ c(*nt per vehicle-mile le.ss than on thi* bituminous macadam 
pavement. Which type is the more economical for the condition.s stated for an 
average daily traffic of 1000 v<‘hides^ 

4 . A concrete pavement cost $25,000 per mi initially; it has an annual main¬ 
tenance cost of $140 p(*r mi ard a periodic maintenance cost of $750 per yr per 
mi. A gravel road cost $3000 per mi initially; it has an annual maintenance 
cost of $400 per mi and a periodic maintenance cost of $500 per yr per mi. 
The costs of administration are includetl in the maintenance values. The rate 
of interest may be taken as 4 per ce»nt. The cost of vehicle ope*ration Is 5 cents 
per vehicle-mile on concrete and 5% e*ents on gravel. What is the saving in 
annual transportation cost effected by changing from a gravel surface to a con¬ 
crete pavement for an average traffic of 500 vehicles per day? 
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A city A is located 20 mi from a point B, The bearing of line BA is 
N—45* E. A city C is located 20 mi south of point B, Two highway routes 
are under consideration between the two cities: (1) the route ABCt and (2) 
the straight line between A and C. The annual cost of the route ABC is esti¬ 
mated to be 11600 per mi and of the route AC $1800 per mi. The average 
daily traffic between A and C is 1200 vehicles per day. The variable cost of 
vehicle operation is estimated to be $0.04 per vehicle-mile. The fixed cost of 
vehicle operation may be considered to be the same for both locations. Which 
route is the more economical? 

6« A city A is located 10 mi east of a city B, and another city C is located 
10 mi south of B. Two road systems connecting these cities are under con¬ 
sideration: (1) that running directly from A to B and B to C, and (2) that run¬ 
ning directly from A to C with a branch road from D, the middle point of line 
AC, to B. All roads are to be of the concrete type with an estimated annual 
cost of $2000 per mi except BD which is to be constructed with a gravel sur¬ 
face having an estimated annual road cost of $500 per mi. The variable cost 
of vehicle operation is estimated to be $0.04 per vehicle-mile over all roads. 
The fixed cost of vehicle operation may be considered to be the same for both 
locations. The average number of vehicles per day traveling from A to C is 
1000, from A to B 100, and from B to C 200. Determine which of the two road 
systems would be the more economical. 

7. An automobile which weighs 2500 lb and has a frontal area of 20 sq ft has 
a maximum tractive force available at the wheels in high gear of 270 lb at a 
speed of 30 mi per hr. Determine the percentage of grade that the car can 
puli at this speed on a gravel road having a rolling resistance of 45 lb per ton. 


CHAPTER XIX 

1. Make an outline map of your city showing the location of the principal 
traffic thoroughfares and the connections with the principal rural highways in the 
adjacent territory. 

2. Figure 1 represents a portion of a county in which a traffic survey is to 
be conducted to obtain accurate information relative to traffic density on all 
roads. Reproduce the sketch, and show by means of appropriate symbols 
where you would locate primary and secondary observation stations to deter¬ 
mine the traffic density on all roads. Prepare a schedule for a traffic survey 
and an estimate of the cost of doing the work. The maximum traffic and the 
average daily traffic are desired. 

3. A county road organisation is planning on the issue of bonds to defer the 
payment of the cost of improvement of a large portion of a county-wide high¬ 
way system. The bond issue will involve a total of $5,000,000, and payments on 
the principal are to be deferred until the end of 6 years, the bonds then to be 
retired in 10 years at a uniform sum yearly. Assume interest at 5 per cent. 
Calculate the yearly payments each year for the entire period the bonds are 
outstanding. 

4 . Assume, for the conditions stated in Problem 3, that the county has an 
assessed valuation of $337,423,000. What will be the tax rate for each year, per 
fiOOO of property, required to pay the interest and retire the bonds? 
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5. A township issued road bonds of the serial type to the amount of $100,000 
for a lO-yr period at 4 per cent interest; $10,000 of the principal matured an¬ 
nually. Calculate the interest and tax for each year. 

6. Solve Problem 6 assuming that 4 per cent sinking-fund bonds were issued 
instead of serial bonds. The sinking fund was not invested. 




Unimprovvd Mrth road 

Fig. 1. 


Paved road 


7. Calculate the amount of the annual deposit to the sinking fund, invested 
at 4 per cent compound interest, to yield $100,000 in 10 yr {Suggestion: Use 


formula A - 


Pr 

(1 + - 1 


a discussion of which can be found in U.S.D.A, Bulle¬ 


tin 136 by Hewes and Glover.) 

8 . Calculate the annual interest and tax for Problem 7 for each year, assum¬ 
ing that the sinking fund was invested at 4 per cent compound interest. Are 
serial bonds at 4 per cent more economical than this method? 

9. A system of roads 100 mi long was constructed at an average cost of 
$25,000 per mi. The funds were obtained from the sale of 4 per cent serial 
bonds divided into 20 equal series, the first series maturing in one year and the 
last series in 20 years, (a) What was the total tax levy required? (b) If the 
pay-as-you-go plan of financing had been used, what percentage greater mileage 


















446 


APPENDIX C 


could have been constructed from the tax levy required for the bonding method? 
(c) How many year-miles of service are obtained under each method? As¬ 
sume the time required for construction as 1 year, (d) Discuss the advantages 
and disadvantages of the two systems of financing. 

10, The pavement on Maple Avenue shown in Fig. 2 is 36 ft wide and cost 
12.25 per sq yd. One-half of this cost is to be assessed against block A. Also on 
Maple Avenue abutting on block A are curb and gutter which cost $0.75 per ft, 
and concrete sidewalk, 5 ft wide, which cost $0.15 per sq ft. The cost of the 
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improvement of the'street intersections is not to be considered. Calculate the 
total assessnu'nt for these impro\'<'inents for each lot in block A according to the 
frontage method. 

11. Referring to ProbU'in 10, calculate the assessment for each lot in block A 
by the anni distance method for a maximum assessed distaiu'e of 150 ft from 
the imiirovement {Siigifi stiini: Take moments of areas about the axis MN.) 

12. Sohe Problem 11 for a maximum assesse<l distanci* of 300 ft from the 
imiirovenumt. 

13. Assume tliat the a\cTage highway vehich* us('s the lughways to the 
amount of Pi.OOQ mi annually, and that 15 mi of travel are obtained per gallon 
of gasoline. Tin* average gasoline* tax is $0.04 pi'r gal, and the average license 
fee is $10.00. Calculate* the average* annual tax payment per ve*hicle per mile, 
and determine* the average trathe income p(*r ye‘ar per mile of liighway derived 
from gasoline taxe's and hcen.se fe*e*s for traffic volumes of 250, 500, 1000, 1500, 
anel 2000 vehicle's p(*r day. 

14. The* initial investment for a e*old-laiel plant-mix bituminous surface is 
$7000 pe'r mi; that for an untre*ated grave*l roaei is $3000. Assume the interest 
rate at 4 per cemt, annual mainte*nane*e' eaxst at $250 per mi, and perieidic main- 
te'nane*e cei.'^t pe’r year at 3^ pe*r cemt eif the initial investment for both tyjies of 
surfaces. Assume* that the annual e'e).st of highway operation should be no greater 
than the annual ])ayme'nts maele by reiael users. Assuming the conditions stated 
in Problem 13. whie’h tyjie of surface* >houlei be selected for a highway which 
has an average traffic volume of 500 vehicles per day? 

15. A highway paved with a cemcrete roadway cost $30,000 per mi initially, 
including the* cost of structure's, graeiing, and drainage. Assume an annual main¬ 
tenance cost of $125 per mi, and an annual deposit of $500 per mi to provide 
for perioelic maintenane’e. As.sumc that the cost of administration is included in 
the maintenance values. Referring to the conditions stated in Problem 13, deter- 
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mine the number of vehicles per day required to yield sufficient annual payments 
in taxes for the use of the highway to equal the annual cost of highway opera¬ 
tion. Take the rate of interest at 4 per cent. 

16. A four-lane concrete highway has an a\erage traffic volume of 2600 ve¬ 
hicles per day. The annual co.st of highway operation is $3300 per mi. Deter¬ 
mine the amount of surplus of traffic income, assuming that the average vehicle 
uses the highways to the amount of 7500 mi annually, tra\els 16 mi on each 
gallon of gasoline', and jiays a gasoline tax of $0.05 per gal and a license fee 
of $15. 
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Abrasion test of stone, Deval, 177 
Los Angeles, 177 
Administration, 6, 417-421 
Admixtures, concrete pavements, 263 
subgrades, 38 

Advertisements for bids, 379 
Alignment, curves, 74, 78 
railway, at highway intersections, 87 
Amiesite, 310 

Asphalt, asphaltic concrete, 299 
Bermudez, 118 

bituminous macadam, 185, 191 
bituminous road-mix surfaces, 206 
bituminous surface treatment, 198, 
199, 200 
blocks, 341 

cements, description, 128 

coefficient of expansion, 136 

cut-back, 120, 127 

fillers, for block pavements, 132 

liquid, 127 

native, 117 

petroleum, 118 

products, 127 

refining, 119-121 

sheet asphalt, 293 

sources, 117 

stabilization of subgrades, 169 

Trinidad, 117 

See also Rock asphalt. 

Asphalt block pavements, 341-345 
Asphaltic concrete pavements, classes, 
298 

construction, 304-308 
maintenance, 311-313 
materials, 298-300 
preparation of mixtures, 301-304 
tests of mixtures, 308 
theory of mixtures, 298 
Assessments for highways, 390 


Base courses. See Foundation courses. 
Bearing power, subgrades, 11, 19, 21, 
28, 139, 144, 231, 234 
Bedding courses, asphalt-block pave¬ 
ments, 341. 343 
block pavements, 320 
brick pavements, 321 327 
stone-block pavements, 333, 334 
wood-block pavements, 338, 339 
B(‘nch marks, 365 

Benefits of improved highways, 409- 
415 

Bermudez asphalt, 118 
Binder courses, 288. 298, 306, 310 
Bitumen, definition, 117 
swell test, 39 
water-preferential test, 39 
Bituminous concrete. See Asphaltic 
concrete. 

Bituminou.s distributor, 186, 202 
Bituminous macadam foundations, 192 
Bituminous materials, asphalt, Ber¬ 
mudez, 118 
gilsonite, 118 
native, 117 
petroleum, 118 
products, 127, 133 
refining, 119-121 
Trinidad, 117 

compari.son of asphalts and tars, 133 
consistency, 123 
definition, 117 
measurement, 136 

paving cements, standard grades, 128 
properties and tests, 123-127 
refining, 119 
rock asphalt, 121 
shipment and handling, 134 
tar, manufacture, 118 
refining, 119-121 
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Bituminous plant-mix surfaces, low- 
cost, 218 

Bituminous road-mix surfaces, 204- 
218 

Bituminous surface treatments, bonded 
surfaces, 198 

can)et coats, 197, 199-204 
definition, 196 
loose surface's, 198 
p?’ei>aration for, 198 
prime* enats anel tack e*oats, 19S 
re)ael-mix, 197, 198-211 
seal coats, 197 
se)il-e‘ement surfaces, 174 
subgraeles, 37 

Bituminous stabilize'd soil foundatiems, 
168 

Blaele' Kiaele'is, 98, 104 
Blanket course's for sub^rade's, 36 
Blasting «ofl subsoils, 113 
Blind drains, 46 
Blowing of asjihalts, 121 
Bemds, highway, 41t5 
Borreiw excavation, 105, 110, 375 
Boussin(\sc| formula, 20 
Bradbury, K. D, 235, 242, 243 
Brake* st()i)ping distance', 64 
Brick, i)aving, manufacture, 322 
epiahty, 326 
raw materials, 322 
sizes, 325 

standard varieties, 325 
tyja's, 324 

Brick pavements, iH'elding course's, 321. 
327 

constructie)n, 327-332 
mainte'nance’, 332 
mate'rials, 325-327 
Bridges, arch, 56 
cle'arance's, 59 
cemcrete*, 55 
elefinition, 48 
de'sciiption, 52-60 
Hours, 57 
maintenance, 61 
reconstruction, 60 
stt'el, 56 
timber, 55 

waterway opening, 60 


Broken-stone surfaces and foundations, 
176-192 

See also Bituminous macadam sur¬ 
faces; Cement-bound macadam 
sui-faces; Traffic-bound macadam 
surfaces; Waterbound macadam 
surfaces. 

Bre'om drag, 203 
Bullelozers, 119 

Burkli-Ziegler formula for waterway 
opening, 50 

C 

Calcium chloride, admixtun* for sub- 
grad(*, 38 

stabiliz('d soil-type surfaces, 162, 
165-167 

treatments of gravel surfaces, 155 
Caliche surface's, 158 
Capillarity of soils, 14 
(\*irpet coals. Set Bituminous .surface 
treatment. 

Catch basins, 46 

(\'ment, stabilization of soils, 39, 171- 
174 

CN'inent-bound macadam pavc'ments, 
176, 193 

(’(*nsus, traffic, 397 

(\*ntrifug(' moisture ecpiivah'nt of 
soil.s, 17 

Classification, asphalt j'roducts, 127 
excavatum, 109 
roatiway surface's, S 
subgrade soils, 28 
Clay, in soils, definition, 10 
(dealing and giubbing, 97 
(doverleaf liighway grade* separation, 
86 

( oal tar, 118 

C'ohesitm of soils, 11, 21, 26 
(d)lloids, 10, 27 

Colprovia asphalt mixtures, 281 
C'ompressibility of .soils, 12 
ConcH'te foundation cour.ses, 283-287 
(dincrete pavements, construction, 265- 
281 

contraction joints, 260. 268 
control of mixtures, 264 
cross-sections, 253, 255 
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Concrete pavements, crowns, 255 
expansion and contraction, 221, 243 
expansion joints, 258, 268 
forms, 266 

longitudinal joints, 256, 267 
maintenance, 281 
materials, 261-263, 270 
mixing plants, 272 
Older’s stress analysis. 225-231 
p»’oportions of mat (‘rials, 263 
quality of concrete, 220 
reinfor('(‘ment, 221, 227, 230, 250, 252, 
261, 267 

r(‘sistanc(' to wear, 220 
t( inperature-wari)ing stn'sses, 241 
theory of structural design, 220-254 
thicken(*d-edge slabs, 250, 253 
thickness, 225-254 
uniform thickiu'ss, 248 
waiping, 224, 241 
war]>ing joints, 261 
Westergaard stress analysis, 231 
Construction of highways, supervision, 
381 

C'ontracl proec'dun*, 379 
Contraction. Nm Kxpiinsion. 

Cost, bonds, 410 
ca])ital, 384 

const ruction, \arious types of road 
surfaces. 407 
de])reciation, 3S5 
highway. 384 

liigliway Irsiisjjortation, 389 
\ehicl(', 388 

('ounty liighway s>steins, 7, 419, 420 
C^raiK's and drag lines. 102 
Oitical moisiure of soils, 15 
C^ross-s('ctions, asphaltic concrete pav(‘- 
inenf-. 288 

bituminous maca<lam i)avemi'rits, 

183 

block i>avcm(‘nts, 320 
cement-bound macadam p.avements, 
193 

concrete foundations, 287 
con(Tet(‘ pavenu'iits, 255 
earth surfaces, 149 
graded soil surfaces, 162 
gravel surfaces, 153 


Cross-sections, right-of-way, 71, 72 
road-mix surfaces, donse-graded, 211 
open-graded, 205 
slicet asphalt pavements, 288 
waterbound macadam surfaces, 178 
C’rowns, 71-74 
('‘illverts, concrete, 50 
(h'finition, 48 
headwalls, 51 
length, 51 
masonry arch, 50 
pipe, 49 
timber, 50 

wat(‘rway opening, 51 
Curbs, 45, 86 

Curves, horiztmtal, easunent, 78 
sight distance, 74 
superelevation. 75 
wi(i('ning, 78 
vt‘rtical, 80-83 

(hishion coiirs(\s. *S('c Bedding courses. 
Cut-back aNpball.s, 100, 105 
Cut-back as])halt and cut-back tar 
paving mixture's, 310 

D 

l)amag('s, h'gal n'sponsibility for, 360 
I)ensc-grad(‘d aggirgalc bituminous 
road-mi.\ surfac(‘, 211 
l)(‘nsity, bituininoiis jiaving mixtures, 
126, 127 
soils, 11 

Design, concrete' foundations, 283 
concrct*' pavf'inents, 220-254 , 255-261 
crowns, 71 

expH'ss higliways, 89 
tl(*xibh* jmvements and foundations, 
138-147 

grade's, 79, 83 
higliway intersections, 83 
horizontal curv('s, (‘asement, 78 
sight distance, 74 
snjK'n'levation, 75 
widening, 78 

railroad grack' crossings, 87 
railroad grade separations, 87 
rigid paveanents, 220-254 
stre('t inters(‘cti(ms, 86, 257, 423 
tli(‘ory of structural, flexible pave¬ 
ments, 138-147 
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Design, theory of structural, rigid 
pavements, 220-254 
vertical curves, 80 
widths, right-of-way, 70 
rural roadway, 66 
shoulders, 68 
sidewalks, 69 
street roadway, 68 
Deval abrasion test, 177 
Distillation of bituminous materials, 
cracking, 120 
destructive, 119 
fractional, 119 
test method, 125 
Distributor, bituminous, 186, 202 
Ditch checks, 43 
Ditches, 42, 43 
Dividing strips, 69 
Drag, broom, 203 
multiple blade, 157, 170, 208, 214 
road, 150, 151 
Drag lines, 102 
Drag scrapers, 97 
Drainage, blind drains, 46 
bridges, 52-61 
culverts, 48-52 
curbs and gutters, 45 
ditches and gutters, 42 
pipe drains, 45 
underdrainage. 42, 43, 46, 47 
waterway areas, 51 

Ductility test, bituminous pavements, 
124 

Durax pavements, 336 
Durax stone blocks, 334 

E 

Earth excavation, 104, 110 
Earth roads, construction, 149-152 
cross-sections, 149 
maintenance, 150, 152 
natural, 149 
oiled, 150 

Earthwork, classification and measure¬ 
ment, 109-111 
grading machinery, 97-103 
grading operations, 103-107 
swamp fill construction, 111-115 
volumes, 429 


Easement of curves, 78 
Economics of highway improvement, 
cost of highway transportation, 
384-389 

depreciation, 385 

effect of grades on vehicle costs, 
391 

effect of road conditions on vehicle 
costs, 390-394 

Elastic rebound of subgrades, 24 
Elasticity of soils, 13 
Elevating graders, 100 
Embankments, formation, 105 
swamp fills, 111-115 
Emulsified asphalts, 127, 128 
Endurance limit of concrete, 240 
Erosion of soils, 28, 40, 43, 44, 107 
Excavation, borrow, 104 
classification and measurement, 109 
for structures, 107 
swamp fill construction, 111-115 
with scrapers, 104 
See also Grading. 

Expansion and contraction, block 
pavements, 321 
brick pavements, 325 
concrete foundations, 286 
concrete pavements, 221, 258 
flexible pavements, 147 
stone-block pavements, 334 
subgrade soils, 16, 18, 25 
wood-block pavements, 337, 339, 340 
Express highways, 89 

F 

Fatigue of concrete, 240 
Federal aid, 5 

Federal highway system, 5, 6 
F’ield moisture equivalent of soils, 18 
Fillers, joint, asphalt-block pavements, 
341, 343, 344 

brick pavements, 322, 327 
concrete foundations, 286 
concrete pavements, 256, 258, 261 
stone-block pavements, 333, 334, 
335, 336 

wood-block pavements, 338, 339, 
340 
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Financing of highways, 408, 409-417 
Fine-graded asphaltic concrete, 298, 
300 

Flash point, bituminous materials, 125 
Flexible highway surfaces, definition, 
9, 138 

expansion and contraction, 147 
theory of design, 138-147 
thickness, 138-147 

Flexural strength of concrete, 221, 230, 
240 

Float test, bituminous materials, 123 
Fluxing of bituminous materials, 120, 
127 

Foundation courses, asphaltic concrete, 
288 

bituminous macadam, 192 
bituminous stabilized soil, 168-174 
concrete, 283-287 
for block pavements, 320 
for dense-graded aggregate road-mix 
surfaces, 211 

for low-cost bituminous plant-mix 
surfaces, 218 

for open-graded aggregate road-mix 
surfaces, 205, 206 

for rock asphalt pavements, 315, 316 
graded soil, 167 
Telford, 182 

waterbound macadam, 177 
Freeway, 89 
Frost heave of soils, 24 
Fuel consumption of motor vehicles, 
effect of condition of road sur¬ 
face, 391 

effect of distance, 393 
effect of grades, 391 
effect of traffic delays, 393 
effect of type of wearing surface, 391 
Fuel taxes, 413 

G 

Gasoline taxes, 413 
Gilsonite, 118 

Goldbeck, A. T., 21, 22, 144, 146, 221, 
222, 224 

Grade crossings, 87-89 
Grade separations, highway, 85 
pedestrian, 86, 87 


Grade separations, railway, 88 
Graders, blade, 98 
elevating, 100 
motor, 100 

Grades, effect of, on cost of vehicle 
operation, 391 
establishment, 79-83, 370 
maximum and minimum, 79 
street, 83 

street intersection, 86, 423-427 
Grading, borrow excavation, 105 
classification and measurement of 
excavation, 109 
clearing and grubbing, 97 
excavation for structuies, 107 
finishing shoulders and side slopes, 
107 

formation and compaction of em¬ 
bankments, 105 

formation of grades with blade 
grader**-, 104 

haul of excavation, 102 
machinery, blade graders, 98 
bulldozers, 102 
cranes and drag lines, 102 
elevating graders, 100 
motor trucks, 102 
plows, 97 
power shovels, 101 
rollers, 102 
scrapers, 97 
shoulder finishers, 103 
subgrading machines, 103 
measurement, 109 
mulching, 108 
preservation of trees, 108 
seeding and sodding, 107 
shaping of subgrades, 107 
shrinkage of earthwork, 372 
swamp fill construction, 111-115 
volumes of earthwork, 372, 429 
Grahamite, 118 
Granulated slag, 321 
Gravel surfaces and foundations, 151- 
157 

Gravel-type soil road surfaces, 164-167 
Ground water, 11, 42, 47 
Guard railings, 90 
Gutters, 43, 45 
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H 

Hard asphalt, 133 
Hassam pavements, 193 
Haul, of earthwork, 373 
overhaul, 375 

Hauling equipment, asphaltic paving 
mixtures, 304 
concrete pavements, 271 
earthwork, 102 

Headlamp sight distance, 75, 80 
Heating bituminous materials, 136 
Highway lighting, 92 
Highway planning, 395 
Highway signs, 91 

Highway systems, county, 7, 419, 420 
municipal, 7 
national, 6 
state, 7, 417, 419 
town or township, 7, 419, 420 
Housel, W. S., 19 

Hubbard, Pre'vost, and Field, F. C'., 
20, 144, 296, 297' 

I 

Impact, effect on design of pavements, 
141, 236 
Inlets, 46 

Intercepting ditches, 43 
Intersections, highway, 83-86 
railway, 87-89 
stn^ct, 86-87 

Inventori(*s, highway, 395 
Iron ore road surfaces, 158 

J 

Jetting soft subsoils, 112 
Johnson, A. N., 64, 65 
Joint fillers. Si e Fillers. 

Joints, c(*ment-bound macadam pave¬ 
ments, 194 

concrete foundations, 286 
concrete pavements, 221-225, 227, 
229, 230, 250, 252 
contraction, 221, 260 
expansion, 223, 258 
longitudinal, 225, 256 
warping, 225, 261 


K 

Kaolin, 160 

Kelley, E. F., 235, 236, 242, 243, 247, 
250, 251 

Kentucky rock asphalt, 122 

L 

Lanes, traffic, 63 
Lateral flow, subgrade soils, 11 
subsoils, 28 

Legal limitations affecting drainage, 61 

Lewis, R. H., 125 

Lighting, 92 

Limerock surfaces. 158 

Lip curbs, 45 

Liquid asphalts, 127 

Liquid limit of soils, 16 

Loads, whe(‘l, 141 

Loams, 10 

Low-cost bituminous surfaces, carpet 
coats, 199 
plant-mix, 218 

l)nme coats and tack coats, 198 
road-mix, dcmse-graded aggregate, 

211 

op(‘n-grad('d aggregate, 205 
Los Ang(*l('s abrasion test, 177 

M 

Mclnlyrc', J^i'wis W., 66 
Macadam surface's and foundations. 
S(( Traffic-bound macadam sur¬ 
faces; Waterboiind macadam 
surface's; Bituminous macadam 
foundations; Bituminous macad¬ 
am y>a\ements; C^'ment-bound 
macadam pavements. 

Maca.sj)halt mixtures, 311 
Machine sweeping, streets, 351 
Maintenance, asi)hultic concrete pave¬ 
ments, 311-313 

bituminous macadam pavements, 

192 

bituminous surfaces, 216 
bridges and culverts, 349 
cement-bound macadam pavements, 
194 
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Maintonancp, cleaning of pavements. 
351 

concrete pavements, 281-283 
dense-graded aggregate road-mix 
surfaces, 216 

ditches, gutters, drains, 348 
ear^h roads, 150, 152 
gravel surfaces, 156 
gravcl-typc soil surfact's, 167 
guard rails, 349 
mowing, 350 
organization, 358 

rc'spousibility for condition of roads 
and stree ts, 360 

sheet asjihalt pa\('ments, 311-313 
shoulders, 348 
signs, 350 

snow n'lnoval, 351-357 
suhgrad(‘, 348 

waterbound macadam surface's, 182 
Manhole'S, 46 
Mass diagram, 373 

Mastic, bituminous, 321, 326, 327. 334, 
341, 343 

Me'chanical analysis, subgrade* seals, 

14 

Miimral filler, 288, 292, 299, .lOO, 341 
Mixers, asphaltic mixiure's, 302 
concrete', 272 

Meielulus of e'lasticity of concre'te, feir 
jiave'iiie'iit slabs. 221, 236 
Modulus of subgraele reaediem, 231 
Mehsture content, soils, 15 
Moon, V. S., 86, 423 
Motor grade'rs, 157, 214 
Mowing roadsiele's, 350 
Moyer, R. A., 64, 76 
Muck, 10 

Mud jack, for raising cenicrete pave¬ 
ments, 282 

Mulching on slope's, 108 
Municipal stre'cts. ASVe' Stre'ets. 

N 

National highway system, 5 

National Pike, 2 

Native asphalt, 117 

Natural earth road surfaces, 104, 149 


O 

Oil asphalt. Sn' Asphalt. 

Oiling of earth roaels, 150-152 
Oklahoma rock asphalt. 122 
Older, ("lifford. 23, 224, 225. 227, 228, 
229, 230 

Okle'r’s stre'ss analysis of concrete 
pavements, 225-231 

Olie'ii.^is .spot fe'st, bituminous mute'ri- 
als, 126 

Ope'U-graele'd aggre'gate road-mix sur- 
fae-es, bitumineius, 205-211 
Optimum moisture' contemt of soils, 18 
Organization, highway de'partmcnts, 
417-421 

mainte'ii.'ince, 158 
.snow re'me>\al, 355 
Ove'rhaiil ot e'xe‘a\atiem. 375 

P 

Parking, v ielths, 68 
Pavenie'iits, classification, 8 
fle'Xible'. 9, 38 
rigiel. 9, 38. 220 
sede'cliem e>f t^'pe*, 403 

W'ielths, 66, 08 
Pe'at, detinilion, 10 
Pe'at beigs, 28, 36, 111 
Peele'strian creissings, 86, 87 
Peiie'tration le’sl e)f bituminous mate¬ 
rials, 123 

Pernu'abihty of soils, 12 
IVtrole'um asphalt, 97 
Pile be'iit founelaliems for pavements, 
115 

Pipe eulverts, 49, 51, 52 
Pipe* drains, 46 

I*Ianning eif highways, 395-409 
Plans, rural highways, 367-377 
Plant-mix bituiwineius surface's, low'- 
cost tyjies, 218 
Plastic limit of soils, 15 
Plasticity index of soils, 15 
Ponding f»f cone-rete ] lavements, 277 
Porosity of soils, 11 
Power shovels, 101 
Preliminary surveys, 363, 377 
Pressure distributor, 186, 202 
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Prime coats, bituminous, 197, 198 
Proctor, R. R., 18 
Pug mixers, 302, 322 

Q 

Quantities, earthwork, 429 
estimate of, 377 

R 

Railway, crossings, 87 
grade separations, 88 
Reaction time of vehicle drivers, 64 
Reconnaissance survey, 363 
Reinforcement, concrete pavements, 
221, 227, 230, 250, 252, 261, 267 
Right-of-way, condemnation, 379 
definition, 8 
purchase, 379 
widths, 70 

Rigid highway surfaces, definition, 9, 
38 

theory of design, 220-254 
Road-mix surfaces, bituminous, dense- 
graded, 211-216 
open-graded, 205-211 
Roadside improvement, 93-95, 107, 108 
Rock asphalt, description, 121 
occurrence, 121, 315 
typical analyses, 122 
Rock asphalt pavements, 315-319 
Rock excavation, definition, 110 
Rollers, tamping, 103, 155, 166 
tandem, 103, 209, 214, 305 
three-wheel, 103, 166, 180, 186, 305 
truck-wheel, 166 

8 

Sand-asphalt pavements, 308 
Sand-clay road mixtures, theory, 159 
Sand-clay road surfaces, 167 
Sand in soils, 10 
Scarifiers, 97, 98, 104 
Scrapers, 97 

Seal coats, bituminous, 174, 211, 216, 
219 

Seeding, 107 


Selection of type of wearing surface, 
403 

Settlement of fills, 28 
Sheet asphalt pavements, construction, 
304-308 

cross-sections, 288 

density and void content of mix¬ 
tures, 294 

maintenance, 311-313 
materials, 291-297 
mechanics of mixtures, 289 
proportioning of mixtures, 295 
stability of mixtures, 297 
Shell surfaces, 158 
Shoulder finishers, 103 
Shoulders, construction with graded 
soil, 167 
definition, 8 
slopes, 68 
width, 68 

Shrinkage, earthwork, 372 
soils, 18, 25 

Shrinkage limit of soils, 16 
Sidewalks, 69 
Sight distance, 74, 80 
Signs, 91, 350 
Silt in soils, 10 
Sinkholes, 28, 36, 111 
Slag, asphaltic concrete, 298 
bituminous carpet coats, 200 
bituminous macadam, 184, 190, 191 
bituminous road-mix surfaces, 205, 
212 

block pavements, 321 
cement-bound macadam pavements, 
193 

concrete pavements, 262 
graded soil road surfaces, 162 
waterbound macadam pavements, 

177 

Slides, 27, 39 
Slips, 28, 39 
Slopes, side, 68 
Snow removal, 351-357 
Sodding, 28 

Softening point of bituminous materi¬ 
als, description of test, 124 
Soil-cement road surfaces, 171-174 
Soil road surfaces and foundations, 
159-174 
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Soils, subgrade, affinity for various 
materials, 38 
capillarity, 11, 14 

centrifuge moisture equivalent, 17 
classification, 28, 29, 32 
cohesion, 11, 21, 26 
compressibility, 12 
consolidation, 19, 39 
constant, definition, 15 
constants, uniform subgrade 
groups, 34>35 
constituents, 10 
critical moisture, 15 
density, 11, 18 

distribution of pressure through, 
20 

elastic rebound, 24 
elasticity, 13 
erosion, 28, 45 
expansion, 25 

field moisture equivalent, 18 
frost heave, 26 
lateral flow, 28 
liquid limit, 16 
mechanical analysis, 14 
permeability, 12 
plasticity index, 15 
plastic limit, 15 
porosity, 11 

removal and replacement, 36, 111 

settlement, 28 

shrinkage, 18 

shrinkage limit, 17 

slides, 27 

slips, 28 

subsurface waterproofing, 38 
supporting power, 11, 19, 139, 142, 
144-147, 231-235 
tests, 15 
voids ratio, 11 

Solubility tests, bituminous materials, 
126 

Specific gravity, bituminous materials, 
126 

bituminous mixtures, 294 

Specific viscosity, bituminous materi¬ 
als, 124 

Specifications, highway improvement, 
377 

Spreaders for mineral aggregates, 203 
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Stability test of asphaltic paving mix¬ 
tures, 297 

Stabilization of subgrades, 29-40 
Stabilized soil road surfaces and foun¬ 
dations, 159-174 

Stage construction of highways, 404 
State aid for highways, 5 
State highway systems, administrative 
control, 417 
description, 7 
financing, 415 

Stone, asphaltic concrete, 298 
bituminous carpet coats, 200 
bituminous macadam, 184, 190,^ 191 
bituminous road-mix surfaces, 205, 
212 

block pavements, 320, 333, 341 
cement-boimd macadam, pavements, 
193 

concrete pavements, 262 
graded soil road surfaces, 162 
Telford foundations, 182 
traffic bound macadam, 157 
waterbound macadam, 177 
Stopping distances of vehicles, 64 
Strahan, C. M., 159, 160 
Streets, administration, 7 
cleaning, 351 
grades, 83 

intersection elevations, 423-427 
surveys, 366 
widths, 68, 71 

Stresses in concrete pavement slabs, 
combined stresses, 247 
load stresses, 235 
temperature-warping stresses, 241 
Subgrade, consolidation, 39 
definition, 8 
drainage, 33, 46-48 
movements, 24-28 

pressure, under flexible pavements, 
144 

removal and replacement of defec¬ 
tive soils, 36, 111 
soil constant, definition, 15 
soil tests, 15 
stabilization, 29-40 
See oho Soils, subgrade. 

Subgrading machines, 103 

Superelevation of curves, 75-78 
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Supporting factor of tires, 140 
Supporting power of subgrades, 11, 19, 
138-147, 231-235 

Surface treatment. bVc Bituminous 
surface treatments. 

Surveys, construction, 364, 366 
level, 365 
location, 363 
preliminary, 363 
reconnaissance, 363 
street, 366 
subgrade, soil, 366 
Swamp fill construction, 111-115 
Swell t('st, 39 

T 

Tack coats, liituniiiious, 198, 199, 207 
Talbot’s formula for waterway open¬ 
ing, 51 

Tank car heaters, 136 
Tank cars, 134 

Tar, bituminous macadam, 186 

bituminous road-mix surfact's, 206, 
212, 216 

bituminous surface' treatment, 198, 
200, 206 

coefficient of exj)ansion, 137 
comi)arison with asphalt, 133 
filler, stone-block i)av(*nients, 333 
wood-block pavements, 339 
mastic bf'dding course, for brick 
j)avements, 326 
products, 133, 134 
refining, 119 
sources, 118 

stabilized soil foundations, 169 
Taxes, contribution of traffic income, 

411 

fuel, 413 
license f('es, 413 
property, 413 
Telford foundations, 182 
Temperature diff('rential, in concrete 
pavemc'nt slabs, 243 
Temperature-warping stn'sses in con¬ 
crete pav'ement slabs, 241 
Texture of soils, 15 


Thickness, concrete pavements, 225- 
254 

flexible pav^ements, 138-147 
Tile drains, 46 
Tires, contact areas, 140, 236 
service loads and inflation pressures, 
141 

Town or township roads, 7 
Tractive resistance, 390 
Traffic-bound macadam surfaces, 157, 
176 

Traffic capacity of roadways, 63, 65 
Traffic census, 397 
Traffic circles, 85 
Traffic lanes, capacity, 63, 65 
description, 63 
Traffic patterns, 66, 67 
Traffic sejiarators, 69 
Traffic strii)es, 350 
Traffic surveys, 396 
Tret' wells, 109 
Trees, presc'rvation, 108 
Trinidad asphalt, 117 
Trucks, motor, 102, 271, 304 
Types of wt'uring surfaces, description, 
8 

selection of, 403 

U 

Underdramagf', blind drains, 46 
definition, 42 
ditches, 43 
tile drains, 46 
use of, 47 

Uvalde rock asphalt, 122, 315 
V 

Vehicles, stopping distances, 64 
Vertical curves, 80-83 
Viscosit}", bituminous materials, 124 
Voids, asjihaltic concrete and sheet 
asphalt pavements, 294-296, 308 
Voids ratio of soils, 11 
Volatilization test, bituminous materi¬ 
als, 125 
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W 

WarpinR of concrete pavements, <ie- 
• scnption, 224, 241 
joints, 261 
stresses, 241 

Warrenite-Bitulithic pavt'ment, 310 
Water in soils, 11 

Waterbound macadam surfaces and 
foundations, 176-182 
Water-cement ratio, of concrete foun¬ 
dation courses, 286 
of concrete pavement slabs, 263 
Water-gas tar, 118 
Waterproofing of suhgrades, 38 
Waterway openings, 51, GO 
Wear of roadways. 138, 155, 176, 106, 
220 

Weeds, remo\al, 350 


Welbom, J. Y., 125 
Westergaard, H. M., 231, 234, 236, 241, 
242, 250 

Westergaard stress analysis of concrete 
pavements, 231 
Wheel loads. 141, 232 , 241 
Wheel scrapers, 97 
Widening, of curves, 79 
of highway intersections, 85 
of stre(‘t intersections, 86 
Widths, britiges, 59 
dividing strips, 69 
right-of-way, 70 
rural roadways, 66 
shoulders, 68 
sidewalks, 69 
street roadways, 68 
traffic* lanes, 63 

Wo()d-blc>ck lavements, 337-341 



